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CARL EMIL SEASHORE 
1866-1949 


Carl Emil Seashore was born in Mor- 
lunda, Sweden, January 28, 1866. He 
died in Lewiston, Idaho, on October 16, 
1949 at the age of 83. He came to the 
United States in the fall of 1869 with 
his parents and a younger sister. The 
family settled in Boone County, Iowa. 
His childhood was spent on the farm 
and his early education was typical of 
that of an Iowa farm boy in the ’70s. 
Far from being an educational handi- 
cap, Seashore always considered this to 
have been an opportunity to develop 
self-reliance and skill in numerous fields. 
Any formal educational handicap was 
quickly and effectively overcome as Sea- 
shore went through college at Gustavus 
Adolphus and then, for graduate study, 
to Yale University. 

From the beginning of Seashore’s 
early country days, he seemed destined 
for a career in education. As he him- 
self has summarized the matter in his 
“Open Letter to Seniors,” published in 
1912, “I took one year of a preparatory 
course for teaching in my own country 
school. I took another year to prepare 
a little better. I took three more years 
to prepare for teaching in a city school. 
I took another year to prepare better. 
I took another year to prepare for teach- 
ing in the university. I took two years 
to prepare better.” 

After receiving his doctorate at Yale 
University under E. W. Scripture in 
1897, Seashore went directly to the Uni- 


versity of Iowa as Assistant Professor 
of Psychology. He was rapidly pro- 
moted to higher professional rank, and 
became head of the Department of Psy- 
chology and Philosophy in 1905 and 
Dean of the Graduate College in 1908. 

Dean Seashore’s influence upon psy- 
chology and graduate study in America 
has been profound and extensive. The 
growth of the Iowa psychological lab- 
oratory under his leadership was phe- 
nomenal even during a period when 
growth and expansion were the order of 
the day. He served as president of the 
American Psychological Association in 
1911. Of the many areas in which he 
was recognized as a pioneer, a few of 
the more outstanding are the psychology 
of music, attention to the “gifted stu- 
dent,” clinical psychology and mental 
health (the Iowa Clinic was established 
in 1908), child welfare, mental tests, 
and the psychology of hearing, speech 
and art. 

Seashore’s work on the measurement 
of musical talent attracted the attention 
of George S. Eastman, who attempted 
to persuade him to leave the University 
of Iowa and come to the Eastman School 
of Music. Seashore felt that research 
in the field could be conducted more ad- 
vantageously in the university labora- 
tory. Mr. Eastman therefore subsidized 
the University of Iowa Eastman fellow- 
ships in the psychology of music which 
were used for many years to attract 
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promising research musicians to this 
field of study. 

Seashore was a major force in the or- 
ganization and early activities of the 
National Research Council; he served 
as chairman of the Division of Anthro- 
pology and Psychology of the Council 
in its third year. 

Always a venturesome and fearless 
leader, Seashore blazed the way where 
the more timid were either too fearful 
or unimaginative to advance. His scien- 
tific and laboratory training under Scrip- 
ture was well designed to yield a hand- 
some return when applied to a field as 
virgin as psychology at the beginning of 
the twentieth century. Recognition was 
slow at the beginning but increased 
rapidly before he reached the age of 
fifty. It is typical of the man that he 
went contentedly back to his laboratory 
when the University of Iowa chapter of 
Sigma Xi refused to elect him to mem- 


bership during his early days at Iowa 
because psychology was not considered 
to be a science. He was, of course, later 


elected to that society. He took in 
stride (though undoubtedly a rather 
proud stride) his admission to the Na- 
tional Academy of Sciences as a repre- 


sentative of psychology in the early part 
of the century. He was the first person 
at the University of Iowa in any field 
of science to be so honored. 

Seashore and Mary Roberta Holmes 
were married in 1900. Mrs. Seashore 
played a highly important part in the 
developing career of the Dean. She 
helped immeasurably in building good 
will among students, colleagues, and 
citizens of the community. Entirely 
aside from Seashore’s recognized work 
as a pioneer in psychology, Dean and 
Mrs. Seashore were truly an inspiring 
couple. Mrs. Seashore died on August 
18, 1949, just two months before the 
Dean’s own death. In a printed “letter 
to his friends,” after Mrs. Seashore 
passed away, Dean Seashore expressed 
his essential optimism and faith in the 
future. This letter was not only a mov- 
ing tribute to Mrs. Seashore but its very 
tenor was a magnificent expression of 
the philosophy which guided the lives 
of this couple for a half century. Psy- 
chology has lost a great and true pioneer 
in Carl Emil Seashore. 


JosePH TIFFIN 
Purdue University 





SITUATIONAL ANALYSIS: A CLASSIFICATION OF 
ORGANISM-FIELD INTERACTIONS 


BY J. L. FULLER 


Division of Behavior Studies, Roscoe B. Jackson Memorial Laboratory 


INTRODUCTION 


The stimulus for the writing of this 
paper arose from a survey of the meth- 
ods to be employed in a long term study 
of the relationship between heredity and 
behavior. This relationship has inter- 
ested biologists and psychologists for a 
long time. Its, solution (if one can 
speak of the solution of so general a 
problem) will require the integration of 
theories arising from both groups, and 
experimental data secured by many dif- 
ferent techniques. At the Roscoe B. 
Jackson Memorial Laboratory, the dog 
has been chosen as the most suitable 
subject for researches of this nature. 
The kinds of behavior shown by dogs 
are complex enough to be psychologi- 
cally interesting; selection has produced 
numerous strains differing in structure 
and activity; and the physiology of the 
species has been widely studied. 

To secure the maximum amount of 
information from a program devoted to 
the study of heredity and behavior, two 
plans of attack must be followed simul- 
taneously. By studying many individ- 
uals in one situation, the experimenter 
determines the average performance and 
distribution of abilities within the pop- 
ulation considered. Thus any individ- 
ual may be ranked in comparison with 
the total population. The second plan 
is to give many tests to one animal, and 
correlate performance in any one test 
with that of another. In this manner 
one can determine whether there are 
general traits or factors operating 
throughout a wide range of situations. 

Researches in behavior may be clas- 
sified according to the preponderance of 
interest in general laws or in individu- 


ality. A psychologist studying maze 
learning in a rat is ordinarily more in- 
terested in proving or disproving a the- 
orem of learning than in understanding 
the causes of variability in his subjects. 
For his purposes minimum variability is 
very desirable. This would also be true 
of a biologist investigating the effect of 
a nutritional deficiency on maternal be- 
havior. The efforts of the student of 
heredity must be directed towards a 
study of individual differences, and an 
attempt to explain these differences by 
means of the least number of independ- 
ent variables. Individual differences 
are the raw material of genetic research 
and must be looked for in all important 
realms of behavior. A set of general 
concepts covering all possible types of 
situations is needed for the guidance of 
the investigator in designing tests and 
recording observations. It is the pur- 
pose of this paper to discuss a scheme 
which is proving useful in orienting be- 
havior research on animals in a variety 
of specialized situations, and which 
should be of interest to psychologists 
and cther students of animal behavior. 
The name “situational analysis” is ap- 
propriate, since it involves a classifica- 
tion of test situations according to the 
characteristics of the experimental field, 
and considers the animal’s response in 
terms of adaptation. The scheme is 
broad in scope, and attempts to include 
all the organism-field interactions which 
are significant for behavior. These in- 
teractions are discussed below in gen- 
eral terms only, but the concepts can be 
set up in a form which permits quanti- 
tative prediction followed by experimen- 
tal verification. 
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DEVELOPMENT OF THE IDEA OF 
SITUATIONAL CLASSIFICATION 


One of the early problems arising 
from the study of dog behavior was the 
interpretation of performance tests. 
The failure of an individual to acquire 
a new mode of behavior during training 
might be due to a lack of motivation 
or a lack of specific learning ability. To 
distinguish between these possibilities, 
it is customary to manipulate the ex- 
perimental field. If an increase in in- 
centive improves performance, motiva- 
tion is considered to be a critical factor. 
If a decrease in the complexity of the 
field improves performance, then ability 
is the limiting factor. To measure mo- 
tivation by itself, one must arrange a 
situation of low complexity and sys- 
tematically vary incentive. 

To measure ability in “pure” form, 
one must maintain motivation at an 
adequate level, and vary complexity. 
These relationships have been discussed 
in relationship to the psychometric anal- 
ysis of human personality by Cattell 
(1). It is possible to describe any test 


situation in terms of its incentive value 
and complexity. Each of these parame- 
ters can be considered to influence be- 
havior differently in the low, middle, 
and upper portions of its range. At 
low levels of incentive, an animal shows 
undirected, low-energy reactions. At 
middle levels the response increases as 
the value of the incentive increases, 
while at high levels, increase in incen- 
tive no longer has any effect since the 
maximum performance has already been 
attained. Low levels of complexity per- 
mit immediate attainment of the in- 
centive. At middle levels the animal’s 
performance is inversely related to com- 
plexity, while changes of complexity 
above the subject’s upper limit will have 
no effect on performance. These rela- 
tionships are represented diagrammati- 
cally in Fig. 1. 

This diagram is useful in designing 
experiments and in the interpretation 
of many customary procedures used in 
behavior studies. It has two impor- 
tant defects, however. In the first 
place it gives too little attention to the 
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importance of the organism’s interac- 
tion with the field. Not incentive alone, 
but an interaction between some object 
in the field (incentive) and a particu- 
lar organism in a particular state deter- 
mines that organism’s behavior. Simi- 
lar considerations apply to the ability- 
complexity relationship. Secondly, the 
term motivation as commonly used in- 
cludes two distinct concepts, that of di- 
recting behavior towards a specific goal, 
and that of mobilizing energy to re- 
spond. It seems better to separate 
these two aspects of motivation in an 
objective description of behavior. An 
account of a particular behavior se- 
quence can be reduced to statements 
regarding three aspects of the behavior: 
(1) the general direction (selection of 
goal); (2) the utilization of cues to 
select a specific path; and (3) the 
amount of energy mobilized for motor 
activity (including covert functions 
such as changes in muscle tension and 
blood sugar, as well as gross body move- 
ments). In addition, behavior is influ- 
enced non-specifically by the general 
level of basal metabolic processes. This 
framework for the description of be- 
havior, though derived independently is 
essentially the same as the scheme pro- 
posed by Duffy (2). Obviously the in- 
clusion of two additional parameters has 
produced a set of relationships more 
complicated than those of Fig. 1, but 
more adequate for the task at hand. 
The following sections present: (1) the 
basic concepts of organism-field inter- 
actions which are used in classifying 
situations; (2) a descriptive classifica- 
tion of situations; and (3) a brief ac- 
count of some of the applications of 
situational analysis. 


SITUATIONS AS DETERMINANTS 
OF BEHAVIOR 


The basic postulate of situational 
analysis is that behavior is a form of 
interaction between an organism and 


its environment. When the environ- 
mental field conditions are exactly 
specified, and the organism is in a 
given physical state, it will respond 
in a determinate manner.’ Since dif- 
ferent types of situations produce new 
interactions, behavior will vary quali- 
tatively as an animal encounters these 
new conditions. Obviously the total 
number of situations is infinite, and the 
possible states of an organism are ex- 
tremely numerous. The purpose of 
classification is clarification by setting 
up a smaller number of categories into 
one of which all possible situations can 
be assigned. 

In developing a classification of or- 
ganism-field relationships, an effort has 
been made to avoid basing the concepts 
on controversial theories. To be sure, 
it is imprudent to build a conceptual 
structure without foundation in fact 
and theory. Although learned responses 
are extremely important in determining 
particular organism-field interactions, 
the current controversies regarding the 
nature of learning appear to be incon- 
sequential for our purposes. It should 
be kept in mind that situational analy- 
sis is a cross-sectional concept and that 
it must be supplemented by longitu- 
dinal concepts such as learning and 
maturation. 


The Field Parameters 


In describing the behavior of an ani- 
mal one must specify the rate of energy 
expenditure (covert as well as overt) 
and the direction in which this energy 
is being applied. For a given organ- 


1 There is much merit in the statement by 
Freeman (3) that behavior should be de- 
scribed in terms of intra-organismal occui 
rences. Thus it is sensory processes which 
directly influence behavior—not a_ vague 
“field.” However, most experimenters manipu- 
late the sensory processes by modifying the 
“field,” while technical limitations make it 
impossible to quantify the neuro-sensory phe 
nomena, 
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ism in a given state these are deter- 
mined by three specific parameters and 
a number of non-specific factors of the 
field. The specific qualities are: (1) 
field incentive, (2) field impedance, and 
(3) field complexity. The general fac- 
tors include such environmental char- 
acteristics as temperature and humid- 
ity, which affect energy mobilization 
in a non-specific manner. Under cer- 
tain circumstances such non-specific 
characters may become specific incen- 
tives for a behavior sequence. Each of 
the three specific parameters will be dis- 
cussed briefly. 

An incentive is a goal object towards 
which a behavior sequence is directed. 
. Examples are food, a sexually receptive 
female, or a predator which produces an 
avoiding response. When the goal is 
attained (or in the case of negative in- 
centives removed from the field), the 
behavior sequence ends. Behavior se- 


quences may be interrupted by external 
factors before goal attainment or avoid- 


ance is complete. For any one subject 
it is possible to set up a scale of valua- 
tion based upon a comparison of its per- 
formance in a situation where incentive 
is the only variable, or upon the sub- 
ject’s preference for one or another in- 
centive. Quantitative attributes such 
as the amount of food, or qualitative 
ones such as food versus water may be 
utilized. 

Field impedance depends upon the 
presence of obstacles between the or- 
ganism and the goal. Examples are ex- 
cessive distance, a hurdle in the goal 
path, or another animal competing for 
the same goal. The limit is reached 
when the goal is inaccessible. 

Field complexity varies from situa- 
tions in which the path to the incentive 
can be directly perceived to those in 
which there are no reliable sensory cues. 
In the intermediate stages of complex- 
ity proceeding towards the goal depends 
upon selecting from several sensory 


cues, or choosing a particular sequence 
of cues along the path. Cue complex- 
ity puts demands upon the animal’s 
sensory system, including receptors and 
their associated central structures. 


The Organism Field Interactions 


Since behavior is always an interac- 
tion of organism and field, the qualities 
of the field alone do not determine the 
type of behavior. The interactions of 
an organism with its environment are, 
of course, very specific in many in- 
stances. Such specificity requires ex- 
planation, either by reference to the 
past history or to inherited determin- 
ants of the organism, but it is not 
within the scope of the present paper to 
do so. Corresponding to each of the 
three field parameters is an organism- 
field interaction. The quantitative ex- 
pression for each of these is selected so 
that unity represents the highest pos- 
sible value for the interaction. The 
best possible performance on any given 
test for any subject is its performance 
potential. This has the characteristics 
of an interaction but the units chosen 
to express it will vary according to the 
type of test. 

Directive Interaction (D). The re- 
sultant of the organism-incentive in- 
teraction may be called the directive 
interaction. The intensity of this in- 
teraction is defined as the ratio of the 
energy output applied in goal-directed 
behavior to the total energy output 
during the time period considered. En- 
ergy requirements for basal metabolism 
should be subtracted from both terms. 
This ratio is independent of the abso- 
lute energy output. Thus, inhibition of 
activity in response to a stimulus may 
represent a strong directive interaction, 
since the energy which is being ex- 
pended is controlled by the incentive. 
It is convenient to postulate a property 
of the organism, directability, which is 
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a measure of its capacity to interact 
with a class of incentives (5). 
Directability obviously depends upon 
an animal’s physiological state. Thus, 
meat is a poor incentive for a satiated 
dog, and a bitch in heat does not at- 
tract a male castrated as a juvenile. 
Objects with no primary incentive value 
may have it conferred upon them by 
learning. Although this concept of di- 
rective interaction implies a continuum 
from zero to one, we can distinguish, as 
was done on the simpler chart, three 
qualitatively different ranges. These 
ranges are (1) inadequate, (2) ade- 
quate, and (3) supra-optimal. At the 
lowest level no directed activity is evi- 
dent. An observer might say colloqui- 
ally, “The animal is doing nothing in 
particular.” Skinner’s (7) concept of 
“emitted behavior” appears to be very 
similar to this. When directive inter- 
action is adequate, behavior is defi- 
nitely goal directed. In this range, the 


cue complexity and goal accessibility of 
the field become important determiners 


of performance. The term “supra-op- 
timally directed behavior” applies prop- 
erly only in complex situations where 
some inhibition of goal directed activ- 
ity is necessary for a successful per- 
formance. This will be discussed fur- 
ther in another section. 

Cybernetic Interaction (C). The di- 
rective interaction determines the de- 
gree to which an organism is oriented 
to a specific goal. Another interaction 
is necessary for efficient selection of the 
path to the goal. A term recently in- 
troduced by Wiener (8) is applicable 
to describe this type of interaction, and 
we shall speak of it as the cybernetic 
interaction. This refers to the selection 
of cues which will direct the organism 
most efficiently towards the selected 
goal. 
The adequacy of cybernetic interac- 
tion in any particular situation may be 
measured by the frequency of occur- 
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rence of “errors of direction,” errors 
which involve taking a path which is 
not the most efficient. Indirectly it 
may often be determined by the time 
needed to reach the goal from a given 
starting place. A numerical measure 
of this interaction is given by the term 
(1 — e4/N) in which eg represents the 
number of “errors of direction,” and N 
is an empirical constant derived for 
each particular situation. 

The selection of cues which will di- 
rect behavior toward the goal is as- 
signed in this discussion to an analyzing 
function of the organisms. This in- 
volves perception of stimulus patterns 
which differentiate “best” paths from 
other paths. The nature of the percep- 
tive and analyzing processes is the sub- 
ject matter of Gestalt psychology. 
There are three qualitatively different 
levels of interaction. At the simplest, 
we have direct sensory perception, and 
éa will ordinarily be zero. An animal 
smells food and has merely to follow 
the gradient of odors to approach the 
goal. At the second level of complex- 
ity the selection of one or more pre- 
liminary cues are required to direct ac- 
tivity towards the goal. A finite num- 
ber of errors of direction will occur. As 
a result of learning, the number of e4’s 
is reduced, and the situation may ap- 
proach one of a directly perceived path. 
This reduction in errors of direction is 
one of the chief interests of students of 
learning. 

Finally we have situations in which 
there are no reliable sensory cues indi- 
cating -the direction to the goal, and 
there is no reduction in the number of 
€a’s as a result of experience.’ In cases 
of this kind the incentive itself is not 
perceived, but directed activity can oc- 
cur nevertheless. An example is the 
activity of animals accustomed to being 
fed at a particular time each day. Pre- 


2For exceptions to this generalization see 
the discussion below of sector 231. 
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paratory feeding behavior originates be- 
fore feod can be sensed in any way. 

Performance Potential (K). In de- 
scribing behavior one must specify the 
power output as well as the direction. 
Performance potential refers to the to- 
tal power resources and motor appara- 
tus available to the organism. Living 
organisms require continuous energy 
output to maintain their organization, 
so that metabolism cannot fall below a 
minimum without producing irreversi- 
ble changes. Individuals differ in basic 
metabolic output to some degree, but 
vary much more in their habitual level 
of total energy expenditure. 

At high levels of performance poten- 
tial, latencies of response are small, 
speed of performance is high, and great 
force is available to oppose resisting 
forces. At iow levels less energy is 
available and responses are slower and 
less forceful. Latency of response, 


speed of response, and force are useful 
in measuring this quantity, which can 
vary indefinitely from the basal level to 


any practicable upper limit. Individ- 
ual differences in K in animals are 
ascribable to metabolic factors such as 
endocrine balance and nutritional state. 
Within an individual phenomena such 
as sleep and fatigue periodically alter 
K. At an inadequate level of directive 
interaction, behavior such as visual 
scanning and position adjustment may 
be considered as expressions of undi- 
rected performance potential. 

The Effective Interaction (E). Power 
alone will not assure effective behavior 
unless it is adjusted to the impedance 
of the field. An efficient organism ad- 
justs its power output to resistance by 
an organism-impedance interaction. It 
is convenient to postulate a motorabil- 
ity function of the organism which is 
high in individuals which make few 
errors of effect (e,). An error of ef- 
fect occurs whenever the organism at- 
tempts to follow the most direct path 
to the goal, but fails because of too lit- 


, 


tle or too great expenditure of energy. 
The numerical value of E is given by 
1 — e,/M, which is strictly comparable 
to the expression for cybernetic inter- 
action. Not all errors of effect are 
overt. Autonomic responses are part 
of the energy mobilization included in 
the effective interaction. If these are 
inappropriate to the actual situation, 
they constitute an error of effect. 

The effect of differences in field im- 
pedance upon behavior depends upon 
the motorability of the particular ani- 
mal. Three ranges of interaction pro- 
ducing qualitatively different types of 
behavior may be recognized. (1) The 
direct path includes no serious obstacles 
between the organism and the goal, nor 
is any unusual motor dexterity or en- 
ergy mobilization required for success. 
There are no errors of effect. (2) In 
the obstructing path there are obstacles 
to be surmounted or very precise mo- 
tor acts to be performed. A finite num- 
ber of e,’s occur. (3) An impassable 
path implies an inaccessible goal, and 
the number of e,’s will increase indefi- 
nitely so long as the animal persists in 
the same direction. It must be empha- 
sized that barriers which are impassa- 
ble at an early age may be overcome 
later as an animal develops strength 
and agility, and become impassable 
again during senility. Barriers are not 
necessarily static, but may include the 
speed of a movement of another animal, 
or the presence of another organism 
competing for the same goal. 

An Explanatory Example. It is pos- 
sible that the above description may 
be clarified by means of an example. 
Let us consider a dog released at a dis- 
tance from its home, but in familiar 
territory. The journey from the release 
point to its home is the behavior se- 
quence under consideration. Directive 
interaction occurs between the animal 
and its destination, which in this case 
cannot be directly perceived. If the 
animal makes the journey by the most 
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direct route, then directive interaction 
is high. If many side trips are in- 
volved, directive interaction is low. Cy- 
bernetic interaction is represented by 
following trails visually and sniffing at 
posts. The animal may take a wrong 
turn and commit an “error of direc- 
tion.” The distinction between errors 
of direction and side trips due to low 
directive interaction is not arbitrary. 
Increasing directability of the subject 
(hunger would be effective in this re- 
spect) will eliminate side trips, but not 
necessarily influence errors of direction. 

Another possible source of confusion 
between the directive and cybernetic 
interactions lies in the improper selec- 
tion of the behavior sequence. One 
might consider the release point to 
home journey as a series of point-to- 
point journeys, each point being a goal 
involving directive’ interaction. The 
test for this interpretation is the inser- 
tion of low impedance bypasses around 
both way-stations and _ destination. 
Given an opportunity to learn both the 
long way, and the bypasses, the organ- 
ism will adopt paths eliminating points 
reacted to cybernetically, but not those 
reacted to directively. The same physi- 
ological mechanisms are involved in 
both interactions, but the response to 
changes in the situation serves to dif- 
ferentiate them. They could not be 
distinguished on the basis of a single 
trial run. 

The performance potential of the or- 
ganism is determined by such physical 
factors as length of limb, and cardio- 
vascular and respiratory efficiency. En- 
vironmental factors, such as high tem- 
perature which interferes with heat 
elimination will affect his performance. 
So may internal factors such as blood 
sugar concentration. The effective in- 


Directive (D) 
1. Inadequate 
2. Adequate 
3. Supra-optimal 


Cybernetic (C) 
1. Direct perception of goal 
2. Complex cues to goal 
3. No reliable cue 
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teraction is represented by response of 
the dog to fences, rivers or hills along 
the way. An “error of effect’ may re- 
sult from improperly gauging the height 
of a fence, or the width of a stream. 
Errors of effect may also occur as a 
result of lowered performance potential 
due to low blood sugar. Externally 
these could not be distinguished from 
a failure produced by clumsiness. A 
physiological study is necessary in order 
to distinguish between these two possi- 
bilities. 

Given a particular objective, cues, 
physical power, and control of this 
power, the behavior of the dog is a 
function of the situation, the odors, bar- 
riers, and visible cues found along the 
goal path. The demands upon each in- 
teraction systems likewise varies in dif- 
ferent situations—a single track, wilder- 
ness trail may afford no opportunities 
for errors of direction and innumerable 
ones for errors of effect, while a well 
paved, heavily travelled city neighbor- 
hood favors errors of direction. 


CLASSIFICATION AND DESCRIPTION OF 
THE INTERACTION SECTORS 


We have considered three ranges of 
three organism-field interactions, which 
are of particular interest. The 27 pos- 
sible combinations may be reduced in 
number, since under some conditions the 
influence of certain field parameters may 
be neglected. Each possible combina- 
tion of these is a sector, and is assigned 
a three digit number representing in 
order the level of the directive, cyber- 
netic, and effective interactions. Vari- 
ation in performance potential will af- 
fect behavior quantitatively in all sec- 
tors, and may have a qualitative effect 
in special cases. 

The levels considered are: 


Effective (E) 
1. Direct access to goal 


2. Obstructed path 
3. Impassable path 
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Figure 2 represents the relationships of 
these variables diagrammatically. Any 
situations may be assigned to one of 
the blocks in the inverted pyramid. 
The outside blocks are numbered ac- 
cording to the system described above. 


In describing behavior in the vari- 
ous sectors, the term “adaptive behav- 
ior” is employed. Adaptive is used in 
the limited sense of referring to re- 
sponses which are most efficient in at- 
taining the goal, or in preventing ex- 
penditure of energy directed towards an 
unattainable goal. In a broader sense, 
“adaptive behavior” must include ref- 
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erence to the choice of incentives when 
several are presented simultaneously, 
and may be extended to include be- 
havior which is adaptive for society 
though not for an isolated individual. 
Adaptive behavior involves a harmo- 
nious interplay of interactions. In the 
terminology used in this paper, the op- 
timal value for the cybernetic and ef- 
fective interactions is unity. This sig- 
nifies the absence of errors of direction 
and effect. The optimal value for the 
directive interaction varies according to 
the situation and this interaction has, 
therefore, been used as the primary 
heading for classification of situations. 
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Direct perception of 
incentive 


Preliminary cues for 
guidance 


No reliable cues 





Goal 


Inaccessible 


| Attempts to reach goal 
prove a failure. Behav- 

| ior soon directed to an- 

other incentive. 213. 


Problems of sensory 
complexity with inacces- 
sible goal. The adap- 
tive behavior involves 
extinction of a learned 
response. Situations of 
this type exist only for 
a trained subject. 223. 


Insoluble problems, with 
inaccessible goal. Situa- 
tions of this type are use- 
ful only to determine 
limits of abilities. Adap- 
tive behavior is explora- 
tion followed by extinc- 
tion. 233. 





Immediate approach at 
a high power level. The 
energy output is accu- 
rately adjusted to actual 
requirements. Problems 
of motor difficulty, but 
sensory simplicity. 212. 


Problems of combined 
motor and sensory diffi- 
culty. Success depends 
upon learning cues, and 
new motor pattern. 
Various solutions are at- 
tempted and the success- 
222. 


Problems of motor diffi- 
culty without environ- 
mental guides. Such 
problems will usually be 
insoluble, since there is 
no directly perceived in- 
centive to direct activity 
across the path impedi- 


ful one adopted. 


ments. Chance solutions 
are possible. Adaptive 
behavior involves learn- 
ing a plan of attack—not 
an association. 232. 








Direct Path | Immediate approach. 
Behavior approaches re- 
flex or tropistic sim- 
plicity. Very simple 
problems. 211. 














wana 


Problems of motor sim- 
plicity and sensory diffi- 
culty. 
pends 
cues. 
tions 
j}and the successful one 
adopted. 





Problems of motor sim- 
plicity without environ- 
mental guides. Adap- 
tive behavior consists of 
vigorous exploration. 
Improvement with time 
must involve learning 
| type of attack, not a spe- 
cific association. 231. 


Efficiency de- 
upon learning 
Various _ solu- 
are attempted, 


221. 


Fic. 3. Characteristics of adaptive behavior in the nine behavioral sectors at 


adequate level of directive interaction. 


Direct approach to his master is not 
adaptive behavior for a dog if it in- 
volves plunging into a stream of traffic. 
A division of energy between the motor 
pathways involved in running to the 
goal and those used in scanning the en- 
vironment for dangers will insure a 
longer life for the dog. On an isolated 
farm the direct approach is not as haz- 
ardous, and impetuosity is not penal- 
ized. Differences in performance po- 
tential have little adaptive significance 
until a stress is imposed. In general, 
a greater amount of available energy is 
advantageous, though in times of food 
scarcity a low level of metabolism has 
survival value. 


Inadequate Directive Interactions: 
Sectors 111-133. At the level of in- 
effective D, behavior is random and the 
animal does not respond in an oriented 
manner towards any object. Since there 
is no goal, such concepts as goal accessi- 
bility and cue complexity do not apply. 
Differences in the kind and amount of 
random behavior may be ascribed to 
performance potential (K). It may be 
objected that no behavior is actually 
random, since some stimulus must be 
involved. The point to be emphasized 
is that the observer should postulate di- 
rectedness only when it is present long 
enough and at a level high enough to be 
definitely related to some feature of the 
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field. The existence of individual dif- 
ferences in the activity of dogs during 
“rest periods” has been shown at this 
laboratory (9). Periods of random, 
low-level activity occur when there is 
no discernible incentive in the field. 
This behavior is similar to that shown 
by decorticate mammals. Individual 
and breed differences in the quantity of 
such behavior appear to be due to dif- 
ferences in internal conditions related 
to energy mobilization level. 

Adequate Directive Interaction: Sec- 
tors 211-233. Each sector is described 
in a brief paragraph which defines the 
conditions, gives one or two examples, 
and describes adaptive behavior in the 
situation. Figure 3, which represents a 
cross-section through the middle of 
the pyramid of Fig. 2, summarizes the 
characteristics of these nine important 
sectors. 

211. The goal is directly perceived 
and may be reached directly. An ex- 


ample is that of a hungry dog in the 
presence of food. The animal goes di- 


rectly to the food and eats. The speed 
and force of its reactions are measures 
of directability and of performance po- 
tential. 

212. The goal is directly perceived, 
but obstacles exist so that a consider- 
able amount of energy, or quick and 
precise motor responses are required to 
attain it. Competitive feeding is an ex- 
ample of such situations, food is pre- 
sented to a group of animals in such a 
way that all cannot feed at once. Dom- 
ination over competitors allows one ani- 
mal to secure the food and represents 
adaptive behavior in this situation. 
Subordination and stealing scraps of 
food represent a type of adaptation for 
an animal of relatively low performance 
potential. 

213. The goal is directly perceived 
but cannot be reached. Food may be 
presented just out of reach, or covered. 
The animal approaches it and makes 


vigorous efforts to reach it. The be- 
havior sequence is rapidly extinguished 
by failure. 

221. There are no physical obstacles 
blocking the path to goal, but proper 
cues must be selected if it is to be 
reached efficiently. An example is a 
simple place or sign discrimination ex- 
periment. Adaptive behavior differs for 
trained and untrained animals. The 
untrained animal explores until the goal 
is reached. The correct solution can 
occur by chance on the first trial, but 
this is unlikely. . After training the ani- 
mal goes directly to the goal. 

222. Both cue selection and motor 
ability are required to reach the goal 
efficiently in this type of situation. A 
barrier type maze, a discrimination 
problem requiring a specialized motor 
performance, and the establishment of a 
social hierarchy in a group of animals 
are examples. An untrained animal 
tries various solutions, makes many 
errors of direction, and may reach the 
goal accidentally. On the other hand, 
it may fail and cease activity at one 
of the “barriers” because of an error 
of effect. The trained animal moves 
more directly to the goal. For the fully 
trained animal, a situation of this class 
becomes equivalent to sector 212, or 
even 211, as errors of direction and ef- 
fect are eliminated. 

223. This type of situation is of the 
same degree of complexity as the pre- 
ceding one, but differs in having an in- 
accessible goal. The arrangement is 
that of experimental extinction of a 
learned response. This type of situa- 
tion does not exist for the inexperienced 
subject. If by chance it comes close 
to the goal, attempts to reach it should 
be rapidly extinguished, as in sector 
213. The trained animal will make a 
direct approach. Failure to actually 
reach the goal will be followed by 
extinction. 

231. In situations of this type there 
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are no physical obstacles to immediate 
attainment of the goal, but there are 
no consistent cues as to its presence or 
direction. For example, food may 
sometimes be available in one of several 
places, but no sign is available to indi- 
cate which one is correct on any par- 
ticular trial. In such a situation train- 
ing for a particular solution is impos- 
sible. Adaptive behavior consists in 
trying all possible solutions until suc- 
cess is attained. Improvement in per- 
formance involves learning a mode of 
attack, not an association between a 
specific cue and the goal. Thus the 
number of eg’s may go down, even 
though it can never reach zero. 

232. The goal is concealed with no 
cues to location. In a situation of this 
type success will come only by chance. 
In situations involving considerable mo- 
tor difficulties or a large field with many 
places of concealment, the probability 
of reaching the incentive is very slight. 
If the animal should be _ successful, 


adaptive behavior is an attempt at the 


same solution. This is followed by ex- 
tinction of the response, since the cues 
are not the same from trial to trial. 
Other solutions may then be attempted. 
Adaptive behavior involves learning a 
method of exploration—not an associa- 
tion between a specific cue and goal. 
The organism must generalize kinds of 
places which may conceal the incentive. 

233. Situations in this sector are in- 
soluble in both sensory and motor as- 
pects. They cannot, therefore, be prof- 
itably employed in behavioral studies, 
except in so far as insoluble problems 
may be set up to find the limits of an 
animal’s abilities. The only possibility 
is that an animal will have near-success 
by accidentally approaching and per- 
ceiving an incentive. The adaptive re- 
sponse is to attempt to secure it, and 
for extinction to occur following failure. 

Supra-optimal Directive Interaction: 
Sectors 311-333. Directive interaction 


was defined above as a measure of the 
proportion of total energy directed to- 
wards a particular incentive. The term 
supra-optimal is not appropriate for all 
sectors, for in some situations such di- 
rectness of approach is an adaptive 
form of response. A high level of D 
prevents ‘extinction, so that an animal 
persists in attempting to reach an in- 
accessible goal. In cases where adap- 
tive behavior involves the learning of 
specific cues or a complex motor pat- 
tern, a supra-optimal level of D op- 
poses the elimination of goal directed 
behavior which proves inappropriate. 
Such situations frequently require the 
animals to turn away temporarily from 
the goal in order to find the most effi- 
cient solution, and by the definition 
above such action can only occur at a 
low level of D. It follows that the op- 
timal level of D for the solution of any 
problem is a function of the directness 
of the path. Many situations involve 
problems which are insoluble by asso- 
ciation-type learning—in other words 
there are no reliable cues. A _ high 
level of D will neither add to nor de- 
tract from the possibilities of initial suc- 
cess. When success comes as the result 
of random exploration, the supra-opti- 
mally directed animal tends to persist 
in the originally successful solution, 
even though it is inappropriate. Such 
solutions are “superstitious.” The ani- 
mal reacts by a directive interaction to 
constituents of the field which should 
be reacted to by a cybernetic interac- 
tion. 

The nine sectors to be considered are 
physically the same as the sectors de- 
scribed above. The problems are the 
same. Adaptive behavior is, therefore, 
the same. The level of D is greater be- 
cause of greater motivability of the 
subject, or the increased value of the 
incentive. Extreme deprivation, or a 
period of learning producing a strong 
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directability in the subject, is always a 
requirement for this state. 

Sector 311. Direct path and direct 
sensory cues. A high D does not hin- 
der performance, which is equal to or 
superior to that of the subject at a lower 
level. 

Sector 312. Straightforward sensory 
cues, but motor difficulty. Performance 
may be very efficient if a directed power 
output is the chief requirement. Even 
complex motor processes, if well learned, 
may be carried out well. 

Sector 313. Direct sensory cues, but 
goal inaccessible. The supra-optimally 
directed animal shows unadaptive be- 
havior, since extinction of goal-directed 
behavior does not occur promptly. 

Sector 321. Goal is readily accessi- 
ble, but discrimination of proper cues 
must occur if behavior is to be most ef- 
ficient. The supra-optimally directed 


animal learns slowly since its behavior 
is primarily a function of incentive in- 


teraction, not of cybernetic interaction. 

Sector 322. When sensory and motor 
difficulties are combined, the supra-op- 
timally directed animal learns slowly for 
the reasons stated above. 

Sector 323. In situations of this 
type, complex sensory cues direct only 
to a position near the goal, which is it- 
self inaccessible. Only a trained ani- 
mal can be brought into this sector. 
Supra-optimal D prevents the adaptive 
response of extinction of the goal di- 
rected behavior. 

Sector 331. Goal is easily attained 
so far as motor processes are concerned, 
but there are no cues as to its location. 
A supra-optimally motivated animal 
with high performance potential may 
be very effective (though inefficient) 
due to the vigor of its exploratory be- 
havior. It will tend to fixate on a par- 
ticular solution which is found effective. 

Sector 332. The addition of motor 
difficulties to problems involving no re- 
liable cue makes them more difficult, 


but does not change the nature of adap- 
tive behavior, nor the variant type 
shown by supra-optimally motivated 
animals. See sector 331. 

Sector 333. Situations of this type 
are insoluble, and as stated above (un- 
der Sector 233) they furnish useful data 
only as indicating the limits of particu- 
lar subjects. Adapiive behavior is sim- 
ply to leave the situation if possible. 
Only an animal trained in similar physi- 
cal situations where the goal is accessi- 
ble will perform. The supra-optimally 
directed subject may continue explora- 
tory behavior for an uneconomical 
length of time. 


APPLICATIONS OF SITUATION ANALYSIS 


The applications of this group of con- 
cepts are numerous. For reasons of 
space, and because some have not yet 
been worked out in detail, only a few 
applications will be discussed here. One 
important use is to relate different ex- 
perimental arrangements to each other. 
The controllable variables of the field 
are incentive, field impedance and cue 
complexity. The animal subject is 
placed in this field and observations of 
his performance are made. Such ob- 
servations may include: (1) the num- 
ber of times a certain act is performed 
in a unit of time; (2) the latency of a 
response; (3) the amount of time re- 
quired for a particular behavior se- 
quence; (4) the deviations made from 
the most efficient path (errors of direc- 
tion); (5) failures to accomplish an at- 
tempted action (errors of effect); (6) 
or the force applied in a given act. 
From these performances the experi- 
menter endeavors to estimate the prop- 
erties of the organism. In this paper 
these properties are considered to be 
motivability, motor ability, cue analyz- 
ing ability, and performance potential. 
To some extent, performance always 
depends upon the three modes of inter- 
action described above, as well as upon 
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performance potential, which interacts 
with the environment in a much less 
specific way. Frequently the experi- 
menter wishes to arrange conditions so 
that a relatively “pure” measure of one 
property of the organism is obtained. 

There are two general types of com- 
parisons to be made. - Inter-individual 
comparisons are based upon the per- 
formance of an animal at one time with 
his performance at another. If only 
one aspect of the field is varied at a 
time, and if enough observations under 
each set of conditions are made to al- 
low for random variations of the sup- 
posedly constant interactions, then the 
performance of an animal may be taken 
as a measure of one of its properties. 
Even here difficulties of interpretation 
arise if the relationship is not linear. 
Intra-individual comparisons are very 
hazardous, unless the influence of some 
interactions is minimized by the proper 
arrangement of the situation. A para- 


graph will be devoted to the measure- 


ment of each of the four organismic 
properties, directability d,, performance 
potential &, motorability e,, and analy- 
sis-ability c,.° 

Measurement of Directability. The 
‘measurement of directability must be 
made under circumstances in which dif- 
ferences in e, and c, do not affect per- 
formance, and &, is constant. There is 
no sure way to accomplish the latter, 
but differences are reduced by using 
animals of uniform heredity, reared un- 
der uniform conditions. Performance 
potentials can be placed on equivalent 
scales by using the best performance of 
each subject as the indicator of its po- 
tentialities, and scoring each individual 
in relationship to its own best score. 
If subject A performs an act 30 times 

8 Lower case letters with appropriate fol- 
lowing subscripts are used to designate the 
contributions of organism and field to the 
four interactions described. Thus D = Direc- 
tive interaction; d; = incentive value of field; 
d, = directability of organism. 


in one hour under maximal incentive, 
and subject B performs the same act 
60 times in an hour with maximal in- 
centive, pk, = 24k,.* When equally di- 
rected, A will perform only half as ef- 
fectively as B. The sectors in which 
differences in e, and c, are unimportant 
to performance are: (1) those in which 
there is direct perception of incentive 
and no motor difficulties, sectors 111, 
211, 311; (2) those in which the goal 
is inaccessible to all subjects, 113, 213, 
313. (Sectors 132, 232, and 332 are 
equivalent for trained subjects.) Sec- 
tors with no reliable cue appear to be 
unuseable, since chance plays so large a 
part in success. 

Measurement of Motor Abilities. 
These abilities are best determined in 
sector 312, in which directive interac- 
tion is at its highest level, the path is 
obstructed, but directly perceived. 
Complex motor abilities frequently re- 
quire a well developed ability for ana- 
lyzing complex cues, so that they can- 
not be isolated in pure form. Situa- 
tions of this sort are responded to more 
adequately by animals at the inter- 
mediate level of directive interaction. 

Measurement of Analyzing Capacity. 
Cue analyzing ability (c,) is frequently 
called intelligence. Extremely careful 
control of the directive interaction is 
essential. A high D is essential to ob- 
tain good performance, but supra-opti- 
mal D disturbs learning. It is difficult 
to hold D at a high level without ex- 
ceeding the optimum. The path must 
be unimpeded so that motor ability does 
not influence the performance. The 
presence of obstacles in early stage of 
learning may produce an extinction of 
all goal-seeking behavior and retard 
learning. Only sector 212 in the high- 
est level of D possible without going 
over into the supra-optimal sectors ful- 
fills these requirements. The difficulty 


4 Subscripts preceding the interaction terms 
refer to specific organisms or to specific fields. 
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of achieving these conditions is reflected 
in the great variability of performance 
shown by most animals in “intelligence 
tests.” 

Measurement of Performance Poten- 
tial. Performance potential (k,) is the 
limiting factor for effective behavior in 
all situations, and is defined as the per- 
formance when there are no errors, and 
all energy is applied in goal directed be- 
havior. Certain types of individual 
physiological and behavioral differences 
show up most clearly, under conditions 
of minimal stimulation or when the 
goal is inaccessible. Since the kind of 
behavior shown in these situations ap- 
pears to be based upon physiological 
factors, and these determine k,, one 
would expect to find significant relation- 
ships when these fields are explored. 

The principles discussed above have 
been recognized by competent workers 
and utilized in the design of experi- 
ments. However, experiments in which 
“pure” types of interaction are sought 
cover only a few of the situations in 
which azimals must function. One can- 
not e:nect to find orderly results in 
those situations where small changes in 
any one of the interactions can cause 
a fluctuation in performance. Behavior 
appears chaotic when it is sensitive to 
more than one of the determinants at 
once. For this reason such sectors are 
avoided by experimenters. Yet it is in 
these sectors that the most interesting 
and vital problems arise. It is be- 
lieved that the viewpoint of this paper 
will be useful in deriving adequate con- 
ceptual and mathematical tools for the 
job. Preliminary studies indicate that 
the concepts can be formulated in pre- 
cise symbolic terms capable of experi- 
mental verification, if one sector is con- 
sidered at a time. A general equation 
applicable to all sectors has not yet 
been derived. Whether it is possible 
or not must await experiments and anal- 
ysis of their results. 
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The relationship of these views to 
learning theory is that two major types 
of learning must be distinguished (Cf. 
6). One type may be called incentive 
learning and results in the substitution 
of new goal objects for old ones. This 
changes the level of D in a particular 
situation. Instrumental conditioning is 
an example. The second may be called 
ability learning and results in greater 
ability to analyze cues, to overcome ob- 
tacles, and to mobilize energy in ac- 
cordance to field conditions. This type 
of learning affects C and E. Although 
the examples in this paper have been 
drawn primarily from observations on 
the dog—a mammal fairly high in the 
complexity of its behavior—, the scheme 
appears to have usefulness in dealing 
both with simpler species and those 
which are more complex. In the former 
case, some of the sectors drop out since 
they have no application to organisms 
low in the psychological scale. If one 
were to apply this scheme to a very 
complex behavior pattern, such as that 
of man, it might be necessary to sub- 
divide some of the sectors to a greater 
extent. 


SUMMARY 


Situational analysis is a system of 
classifying the relationships between an 
organism and its environment which de- 


termine its responses as a whole. The 
unit of behavior which is subjected to 
analysis is a chain of actions directed 
towards a goal. The characteristic of 
directiveness as an essential feature of 
the activity and evolution of living or- 
ganisms has recently been stressed by 
Lillie (5). The strength of directive 
interaction is measured by the ratio of 
directed energy expenditure (less basal) 
to total energy expenditure (also less 
basal). This can vary between zero 
and one. In any particular situation 
directive interaction may be considered 
as the product of the directability of 
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the organism and the incentive value 
of the goal. 

Cybernetic or steering interaction oc- 
curs as the organism reacts to environ- 
mental cues which enable it to select 
the most efficient path to a goal. In 
situations of low complexity there is 
no distinction between cybernetic and 
directive interactions, since the goal is 
perceived directly. In complex fields 
the efficient organism must select from 
various apparent paths the particular 
path which is most suitable. Devia- 
tions from the most efficient path con- 
stitute errors of direction and indicate 
imperfect cybernetic interaction. Or- 
ganisms with high analysis ability rela- 
tive to field complexity make few such 
errors. 


Effective interaction is involved in 


the mobilization of energy to meet the 
specific requirements of a situation. 
The amount of energy required depends 
upon the presence of obstacles between 


the organism and the goal. Too little 
energy or too much energy may result 
in errors of effect which are manifest 
in motor inadequacy rather than in the 
selection of a wrong path. The num- 
ber of these errors is a measure of the 
relationship between field impedance 
and motor ability. 

As an animal gains experience in a 
situation there may be a tendency for 
these interactions to become more effi- 
cient. The subject is directed more 
strongly towards a definite goal, and 
errors are reduced. The limit of per- 
formance when all errors are eliminated 
and directive interaction is at a maxi- 
mum is the organism’s performance po- 
tential. This will differ from one or- 
ganism to another because of anatomi- 
cal and physiological factors, and in 
the same organism from time to time 
because of oscillations and _ secular 
trends in physiological state. 

Situational analysis thus provides for 
objective description of behavior in 


terms of definite types of interaction. 
It is a concept of great generality and 
may be applied in such fields as ability 
testing, comparative psychology and 
abnormal behavior. The formulations 
of the three interactions have been de- 
veloped in a manner which renders the 
concept accessible to experimental test. 
The quantitative aspects of situational 
or interaction analysis have been 
touched on lightly in this paper, so that 
a complete justification of the above 
statement must be deferred for a later 
communication. It may be of interest 
to briefly compare the viewpoint of this 
paper with that of Hull’s Principles of 
Behavior (4). Hull’s system deals in 
general with stimulus-response relation- 
ships, and postulates various interven- 
ing variables to account for the ob- 
served quantitative correlations. Situ- 
ational analysis starts from the more 
general concept of biological adapta- 
tion and views each situation as a chal- 
lenge to the organism’s integrity, to be 
met by interactions of the directive, 
cybernetic, and effective types. The 
nature of the interaction is dependent 
upon the properties of the situation and 
of the organism at the particular mo- 
ment considered. The properties of the 
organism are greatly influenced by its 
past history, but physiological explana- 
tions of behavior must deal with the 
actual organization which is present 
rather than interpret behavior in terms 
of past experience. 

The application of situational analy- 
sis to problems of classification has 
been developed at length in this pa- 
per. The primary basis of classifica- 
tion is the level of directiveness (or 
absence of randomness) shown. A sub- 
division is then made according to 
the demands made upon the cyber- 
netic and effective interaction in or- 
der to complete the directed sequence 
of action. Three levels of directive 
interaction are recognized: inade- 
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quate, characterized by random be- 
havior; adequate, characterized by 
definite goal directed behavior; and 
supra-optimal, in which behavior is so 
narrowly channeled that adaptation to 
changing situations is difficult. Simi- 
larly there are three levels of demand 
upon cybernetic and effective interac- 
tions. At the lowest level these de- 
mands are so slight that the goal di- 
rected sequence can be completed im- 
mediately. In the intermediate range 
the problem is soluble, but errors are 
made in the process. At the uppermost 
level of difficult no real solution is pos- 
sible. Each possible combination of 


these levels is considered as a “behav- 
ior sector,” and presents a distinct prob- 
lem to the organism. An important dif- 
ference between excessively high field 
impedance and excessively high field 
complexity is that the behavior sequence 
may be completed by chance in the lat- 


ter case, although the problem has not 
been really “solved.” Within each sec- 
tor it is possible to state definitely the 
most adaptive type of organismal re- 
sponse, and to evaluate deviations from 
ideal adaptation. In some cases the 
ideal response depends upon perform- 
ance potential as well as upon the prop- 
erties of the situation. A fundamental 
deduction which follows from the above 
arguments. will serve to summarize the 
objectives of the classification of situa- 
tions, and will furnish a theorem to be 
tested by field and laboratory observa- 
tion. 

If the interaction demands of two sit- 


uations are similar, the nature of the 
adaptive responses will be fundamen- 
tally alike no matter how different the 
situations appear physically or how dif- 
ferent the behavior patterns appear ex- 
ternally. Thus, assigning a particular 
situation to one of the sectors described 
above provides an objective basis for 
comparing a subject’s behavior in this 
situation with his behavior in other sit- 
uations, and clarifies the problems in- 
volved in comparing the behavior pat- 
terns of organisms of different levels of 
neurological organization. 
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The chief classes of observed phe- 
nomena upon which the science of 
psychology is founded are the sensory 
stimuli that act upon organisms and 
the molar behavior of the organisms. 
Psychology has established many cor- 
relations between the impingement of 
given stimuli on an organism and the 
organism’s consequent behavior—stimu- 
lus-response relationships. Meanwhile, 
between stimulus and response certain 
events occur within the organism. 


These events, it is clear, have their 
character determined partly by the na- 
ture of the impinging stimulus and 
partly by various organic states. 


The organic states and events cor- 
respond to one class of what Tolman 
(35, 36) has called intervening varia- 
bles. MacCorquodale and Meehl (16) 
have recently pointed out that this ex- 
pression has often been used _inter- 
changeably between constructs which 
are a summary of empirical relation- 
ships, and hypothetical constructs about 
“entities and processes not among the 
observed.” Statements about the or- 
ganic states that intervene between stim- 
ulus and response, inasmuch as these 
states are not directly observed, would 
be statements about constructs of the 
second type. Such constructs amount 
to imaginary pictures of the interven- 
ing processes. These pictures come as 
close as possible to the actual events if 
they are built up on the basis of what- 
ever positive knowledge we already have 
of the functions of the nervous system. 

Recent behavior theorists, led by Tol- 


1 The writer is indebted to Dr. L. J. Reyna 
for some valuable suggestions. 
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man (35), Hull (15), Skinner (30), 
and Spence (32), have assumed that 
present knowledge of the nervous sys- 
tem is not sufficient to yield a worth- 
while picture of the intervening organic 
processes. As a consequence, their the- 
orizing has generally (though not al- 
ways) corresponded to MacCorquodale 
and Meehl’s “empirical summary” type 
of construct. Nevertheless, that an ap- 
proach to an understanding of the in- 
tervening organic events should be made 
whenever possible has been clearly rec- 
ognized by Hull (15, pp. 18-19). The 
present paper purports to show that 
current neurophysiological knowledge is 
quite adequate to support a hypothesis 
regarding the organic events of the 
learning process. Moreover, the con- 
struction of this hypothesis seems to 
have the effect of clarifying a number 
of controversial issues. 


REINFORCEMENT As A NEURAL PROCESS 


It is a truism in psychology that the 
behavior of an organism in response to 
its environment is determined partly by 
maturation and partly by learning. 
When a knee-jerk results from a tap on 
a man’s patellar tendon, the response is 
regarded as subserved by neural con- 
nections that maturation has estab- 
lished. On the other hand, such stimu- 
lus-response sequences as the salivation 
that follows the sound of a bell are 
established not by maturation but by 
learning, although, of course, matura- 
tion provides the basis upon which 
learning can occur. If it is presumed 
that the stimulus-response sequences 
set up by learning depend, just as matu- 
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rationally established sequences do, 
upon the development of functional 
neural connections, then the process of 
establishing such connections is the es- 
sence of what is called reinforcement, 
and an individual event that has the 
effect of initiating or strengthening a 
functional neural connection is a rein- 
forcement. 

As a matter of fact the neural basis 
of learning has been directly demon- 
strated by an experiment of Culler’s 
(7) that has not received the attention 
it deserves. This investigator first of 
all conditioned some dogs to contract 
the right semitendinosus muscle in re- 
sponse to a tone. Then under complete 
anaesthesia the left cerebral cortex was 
exposed for direct stimulation. It was 
found that, so long as the semitendino- 
sus muscle reacted to the tone, it re- 
acted also to direct electric stimulation 
of a small spot not more than two 


square mm. in area on the anterior ecto- 
sylvian gyrus 20 to 25 mm. from the 
motor point for the semitendinosus 


muscle. When the tonal conditioned 
response was extinguished, so was the 
response to stimulation of the spot; and 
when the former response was rein- 
stated, so was the latter. No other 
surface area with these properties was 
found. Dogs tested before conditioning 
showed no evidence of semitendinosus 
contraction on stimulation of the ante- 
rior ectosylvian area. Thus the rein- 
forcing of the tone to the semitendino- 
sus response is evidently correlated with 
certain neurones being linked to the 
neurones which subserve the semitendi- 
nosus response. 

It is altogether reasonable to suppose 
that where learning involves the forma- 
tion of conscious associations the proc- 
ess is basically similar. Suppose, for 
instance, that I learn that the word 
“window” means a window. Hearing 
the word spoken subsequently conjures 
up in me the image of a window. This 


implies that neurones responding to the 
word “window” have become so con- 
nected to the neurones subserving the 
visual image of a window, that stimu- 
lation of the former results in stimula- 
tion of the latter. 


THE ROLE IN LEARNING OF THE 
REDUCTION OF PRIMARY 
NEEDS 


Numerous observations have _indi- 
cated how important a part is some- 
times played by the reduction of what 
are commonly called needs in the oc- 
currence of learning. For example: 
Gantt (9) reported that laboratory 
studies had shown that an increase in 
the amount of food used during con- 
ditioning was correlated with increased 
strength of the conditioned response. 
Skinner (30, pp. 360-361) found that 
rewarding thirsty rats with water im- 
mediately after lever-depressing activ- 
ity resulted in an augmentation of the 
tendency for this activity to occur in 
the given situation. Grindley (11) dem- 
onstrated that whereas the pecking re- 
sponses of chicks to the sight of grains 
of rice were strengthened if they were 
allowed to eat the rice, the responses 
progressively weakened (after an ini- 
tial improvement) if the eating was pre- 
vented by the interposition of a sheet 
of glass over the grains. An experiment 
by Wolfe and Kaplan (39) showed that 
chickens that received a large piece of 
food at each trial developed superior 
performance in speed of running down 
a straightaway track and in negotiat- 
ing a T-maze, in comparison with chick- 
ens receiving a piece of food a quarter 
as large at each trial. Finally, as Hull 
(15, p. 79) has pointed out, in situa- 
tions in which a noxious stimulus is act- 
ing on an organism, out of the multi- 
tude of molar acts that may comprise 
the organism’s responses, the one that 
is learned is the one that is followed by 
a removal of the noxious stimulus and 
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a termination of the need created by 
that stimulus. 


DEFINITION OF NEED 


At this point it is necessary to clarify 
what the essential characteristic of a 
need is. What is it that the various 
states which are called states of need 
have in common that enables them to 
be classed together under a common 
heading? As a starting-point we may 
list some of the more striking states of 
need: the need for oxygen, the need for 
water (thirst), the need for food (hun- 
ger), the need to excrete, the need for 
sexual satisfaction, the need for rest 
after exertion, and the need to be re- 
lieved from certain sensory stimula- 
tions, such as those associated with tis- 
sue damage or disturbance (e.g., pain). 

A need is, of course, something predi- 
cated of an organism; and in common 
usage the word derives its application 
from human feelings involving “want- 
ing” or “unsatisfaction.” Probably be- 
cause allusion to extra-organismal refer- 
ents aids communication, it has become 
customary when speaking of each differ- 
ent need-feeling to refer to it in terms 
of whatever agent has come to be asso- 
ciated with reduction of the particular 
need. Hence we have food-need, need 
to defaecate, and so forth. It is cer- 
tainly convenient to have such terms of 
reference, but in order to determine 
what is common to all needs we have 
to know what goes on within the organ- 
ism in the case of each need. 

Now by no means everything is 
known about the physiological states 
underlying the various needs, but there 
is no doubt that they manifest great 
diversity. The need for food is corre- 
lated with the occurrence of rhythmic 
gastric contractions among other things 
(5, pp. 289-298); the need for water 
with dryness of the mouth and throat 
as a result of reduced salivary secretion 
owing to diminished body fluid (5, pp. 


299-333); the need for physical rest 
with metabolic changes in muscles, and 
notably the accumulation of lactic acid 
(38); the need to micturate with full- 
ness of the bladder producing tension 
on its walls; and the need to copulate 
with (inter alia) increases in the amount 
of circulating sex hormone (1, 2, 21, 22, 
28). 

If the physiological correlates of the 
various needs are compared, there seems 
to be no characteristic that is common 
to all of them—that is, if the physiolog- 
ical correlates of each need are surveyed 
in isolation from their consequents. 
Examination of their consequents shows 
that they do have something in com- 
mon: they are one and all antecedents 
of neuro-effector rseponses. In a num- 
ber of instances it has been shown that 
there is a correlation between the mag- 
nitude of some physiological aspect of 
the need-state and the amount of mo- 
tor activity displayed by the organism. 
This has been found in relation to the 
food-need by Skinner (30, pp. 396- 
397) and Richter (26); and in relation 
to sexual needs by Richter (26), and 
Wang, Richter and Guttmacher (37). 
The studies of Beach (1, 2), Miller, 
Hubert and Hamilton (21) and Sha- 
piro (28) indicate the same sort of 
correlation.? 

That needs produce effector responses 
through neural excitation was directly 
demonstrated by Pack (23) in the case 
of physiological lack of water. He 
showed that if the oral mucous mem- 
brane of a water-deprived animal is 
kept moist by the injection of pilo- 
carpine, the animal does not drink wa- 
ter placed before it. On the other 
hand, as a number of facts mustered 
by Cannon (5, pp. 299-333) show, dry- 
ing of the mouth results in drinking 
even when there is no physiological lack 
of water. Evidently, the motor activity 
associated with lack of water does not 


2 For a review of recent work see Beach (3). 
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Antecedent conditions, ¢.g., drying 
of mouth (need state) 


4 
Stimulation of sensory endorgans 





, 
Central neural excitation 


A physiological need-state produces central 
neural excitation through neural agencies. 
Need-reduction can subserve reinforcement 
only if central neural excitation is a conse- 
quent of the need state. 


occur unless the lack of water results in 
excitation of the central nervous system 
as a consequent of the stimulation of 
those oral afferent nerves that are stim- 
ulable by dryness (see figure). 

If being antecedents of neuro-effector 
responses is the only thing need-condi- 
tions have in common, by what are they 
to be distinguished from “ordinary” 
sensory stimuli which are also antece- 
dents of neuro-effector responses? The 
answer seems to be that no absolute dif- 
ference exists; and if the stimulating 
effects of “primary needs” stand out in 
any way from those of other stimuli, it 
is only in that they tend more often to 
be strong as measured by strength and 
extent of effector responses. Every 
sensory stimulus, therefore, has the es- 
sential characteristic of a need.® 


3 It is worth noting, however, that the con- 
verse is not true, for not every need condition 
functions as a sensory stimulus. For instance, 
when, as in the experiments mentioned above, 
an increase in circulating sex hormone is cor- 
related with increased molar activity, the in- 
crease in activity seems to be due to the hor- 
mone lowering the resistance of certain nerv- 
ous pathways, without any increase in the 
number of afferent impulses taking place (as 
far as can be judged). This was well shown 
by an experiment by Beach (2), who com- 
pared the behavior of testosterone-injected 
with that of non-testosterone-injected male 
rats in the presence of a variety of animals of 
different sexual “stimulus value” and in each 
case noted greater activity in the injected 
animals. 


A NEw CONCEPTION OF DRIVE 


Whatever the mechanisms involved, 
need conditions, being antecedents of 
neuro-effector responses, are stimulus 
conditions to these responses. But be- 
tween the stimulus conditions and the 
effector responses there intervenes ex- 
citation of neurones in the central nerv- 
ous system; * and to this excitation the 
term drive may usefully be applied.° 

The conception of drive employed by 
Miller and Dollard (20) has much in 
common with that arrived at here. For 
them, however, the word refers, not to 
the neural excitation, but to the ante- 
cedent sensory stimulus. They state 
(20, p. 18): 


“A drive is a strong stimulus that impels 
action. Any stimulus can become a drive 
if it is made strong enough. The stronger 
the stimulus, the more drive function it 
possesses. The faint murmur of distant 
music has but little primary drive function; 
the infernal blare of the neighbor’s radio 
has considerably more.” 


A weakness of their formulation is that 
it seems to imply that only excitations 
that result in overt activity qualify as 
drive. From the point of view of the 
learning process, as will be seen later, 
it is operationally more useful to say 
that all central exvitation is drive, and 
when it reaches a certain intensity and 
if other conditions are present that en- 
able the excitation to reach and excite 


#“Central nervous system” is used in the 
present context not in opposition to “au- 
tonomic nervous system,” but in Sherring- 
ton’s sense, as that part of the nervous sys- 
tem in which “afferent paths from receptor- 
organs become connected with the efferent 
paths of effector-organs, not only those ad- 
jacent to their own receptors, but, through 
‘internuncial’ (J. Hunter, 1778) paths, with 
efferent paths to effector-organs remote” (29, 
pp. 312-313). 

5 This use of the word “drive” has affinities 
with the popular use which has its origin in 
the feelings people have of an impulse to ac- 
tion. Such feelings have correlates of strong 
central neural excitation. 





NEED-REDUCTION, DrivE-REDUCTION, AND REINFORCEMENT 23 


effector neurones, overt motor activity 
results. 

This conception of drive has the im- 
portant consequence that since a rein- 
forcement is an event involving the 
setting up of neural connections, drive- 
reduction, understood as reduction of 
central neural excitation, presumably 
plays a part in the learning process, par- 
ticularly in view of the quantitative re- 
lationship that has been observed be- 
tween learning and need-reduction (of 
which drive-reduction is a consequent) .® 
(See figure.) 


LEARNING WITHOUT THE REDUCTION 
OF PRIMARY NEEDS 


A considerable number of observa- 
tions have shown that for learning to 
occur it is not essential for the re- 
sponses of the organism to include the 
reduction of a drive that is the conse- 
quent of one of the “primary” needs. 
Brogden (4) presented to each. of four 
unselected dogs a flash of light and the 
sound of a bell simultaneously for 20 
trials on each of 10 successive days. 
Then the light alone was followed by an 
electric shock to the left foreleg for 20 
trials daily until the dog lifted its leg 
to the light flash and avoided the shock 
100 per cent of the time. The next day 
the bell was given alone, and all dogs 
withdrew their left forelegs on 2 to 8 
of 20 presentations. Of control ani- 
mals which had never been presented 
with the bell-light combination and 
which were given light-shock training, 
only one ever gave any response to the 
bell subsequently. 

That the bell was able to evoke the 
overt response reinforced to the light 
indicates that the bell stimulus must 
have produced some internal response 
in common with the responses produced 
by the light stimulus; and the mere fact 
of their repeated previous temporal con- 


6 A detailed neurophysiological hypothesis of 
reinforcement is presented elsewhere (40). 


tiguity, in the absence of the reduction 
of any “primary” need, is all there is 
to explain this. Similar experiments 
with similar results have been reported 
by Pavlov (24, pp. 33-35)—who termed 
the responses so established “secondary 
conditioned reflexes,’—and by Eccher 
and Culler (8). 

The connecting of stimuli to new re- 
sponses in the absence of the reduction 
of a primary need is also demonstrated 
by the experiments of Cason (6) who 
reinforced pupillary reactions to audi- 
tory and electrical stimuli, and of Hudg- 
ins (13) who reinforced the same reac- 
tions to auditory stimuli; by those of 
Menzies (18) and Gottschalk (10), 
who reinforced vasomotor responses to 
auditory stimuli; and by those of 
Schlosberg (27) who reinforced the 
knee-jerk to auditory and tactile stimuli. 

As a final example may be mentioned 
the concatenating of experienced events 
in temporal series that gives human 
memory its continuity. If A and B 
are two past events such that A was 
immediately followed by B, one way of 
recalling the image of B to the experi- 
encer is to present a stimulus that 
evokes an image of A. The image of 
B may be recalled by this means even 
though there is no evidence of any other 
special link between A and B. Sup- 
pose, for example, that an hour ago, as 
I stopped my car, it began to rain. If 
now, at the present moment, some com- 
bination of stimuli evokes in me an 
image of the stopping of my car, I am 
quite likely also to remember the start- 
ing of the rain. This surely means that 
a connection now exists between the 
neurones that responded to this car- 
stopping and those that responded to 
this starting-of-rain, so that reactiva- 
tion of the former could result in re- 
activation of the latter. There is no 
reason to think that in the establish- 
ment of a connection like this, which 
happens to have correlates in the con- 
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sciousness of the organism concerned, 
the underlying neural process differs in 
any essential way from that which un- 
derlies the formation of a simple con- 
ditioned reflex. In such learning as in 
the above example there is no evidence 
of the reduction of a drive that is asso- 
ciated with a primary need. 

Now it is certainly undesirable to 
postulate different mechanisms for the 
learning that occurs in association with 
primary need-reduction and that which 
occurs without it; and if reduction of 
central neural excitation plays a part 
in one it should also play a part in the 
other. In all the situations described 
above in which learning occurred in the 
absence of reduction of a primary need, 
it is easy to see that central neural ex- 
citation was produced by such stimuli 
as were present. This excitation dimin- 
ished when any of the antecedent stim- 
uli ceased to act. Therefore, the learn- 
ing observed was correlated with the 
reduction of some measure of central 
neural excitation or drive. It would 
appear that a large variety of excita- 
tions of the central nervous system, 
may, in association with their potential- 
ity of being reduced, subserve the for- 
mation or strengthening of new neural 
connections. 

That the most powerful reinforce- 
ments generally occur in contiguity with 
the reduction of drives related to the 
primary needs seems to be due simply 
to this, that the primary needs lead to 
the strongest of excitations in the cen- 
tral nervous system and these neces- 
sarily have the strongest drive-reduction 
potential. Yet very strong states of ex- 
citation certainly do occur even when 
there is no evidence of the reduction of 
a significant measure of any primary 
need. The reason is that, through the 
learning process, practically any stimu- 
lus may be enabled to evoke central 
excitations of a strength and of a per- 
sistence comparable with the drives cre- 


ated by primary needs. A great deal 
of profoundly important human and 
animal learning is related to the reduc- 
tion of such excitations (17, 19, 20, 40). 


Some CONSEQUENCES OF THE PRESENT 
THEORY 


Certain consequences for behavior 
theory that emerge from the present 
formulation will be briefly mentioned: 

(1) The basic difference pointed out 
by Spence (31) between contiguity the- 
orists like Guthrie (12) and reinforce- 
ment theorists like Hull (15) appears 
to be resolved in favor of the reinforce- 
ment theorists to the extent that, from 
a neurophysiological standpoint, drive- 
reduction can be predicated of the or- 
ganism in all situations in which learn- 
ing occurs just because all sensory stim- 
uli are antecedents of what has been 
called drive, and drive is reduced when 
stimulation ceases. On the other hand, 
when drive is regarded in this way, it 
is superfluous to postulate as a special 
class of stimuli, drive stimuli, such as 
Hull’s Sq unless to distinguish stimuli 
of high intensity. Meanwhile a ration- 
ale is provided for Thorndike’s idea 
(34) that “connections” are strength- 
ened slightly by merely occurring, and 
much more if there is also reward; for 
clearly the presence of what is called 
reward simply implies greater drive- 
reduction. 

(2) Hull’s conception of primary and 
secondary reinforcement as separate 
principles, the first to account for learn- 
ing in association with the reduction of 
a primary need, and the second to ac- 
count for learning in the absence of 
such reduction, turns out to be unnec- 
essary, as Hull himself suspected would 
be the case (15, pp. 99-100). 

(3) To explain delayed reward learn- 
ing, postulation of the evocation of 
fragmentary goal reactions along the 
pathway to a goal (Hull’s goal-gradient 
hypothesis, 14), and postulation of sec- 
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ondary reinforcement (Spence, 33), are 
alike unnecessary. It is possible to ac- 
count for such learning by assuming 
that reduction of a powerful drive has 
a reinforcing effect upon synapses, and 
that the effect is greater the more re- 
cently the synapses have been in action. 
This has been discussed in some detail 
in another connection (Wolpe, 40) ; and 
the writer intends to deal with the sub- 
ject more fully in a forthcoming article. 

(4) It is believed that the present 
paper goes some way towards answer- 
ing the questions posed by Postman 
(25) in his review article on the law of 


effect. 
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THE STIMULUS FIELD IN SOCIAL PSYCHOLOGY 


BY ABRAHAM S. LUCHINS 
McGill University 


In the literature on social psychol- 
ogy, stimulus situations are sometimes 
described by such adjectives as am- 
biguous or unambiguous, structured or 
unstructured, well-structured or poorly- 
structured. There is considerable con- 
fusion concerning the meaning and ap- 
plicability of these and related terms, 
and the relationships among them. To 
cite one example: in a section entitled 
“Frames of reference in relation to 
structured and unstructured stimulus 
situations,” Sherif and Cantril (9, p. 
43) seem to equate the term struc- 
tured with the term well-structured, the 
term unstructured with poorly-struc- 
tured, and the concept of structure 
with the concept of ambiguity; but 
Chapman and Volkmann (2, p. 98) 
are against this use of the terms “struc- 
tured and unstructured stimulus situa- 
tions,” advocating .the application of 
the concept of structuredness, not to 
stimulus situations, but to the subjec- 
tive frames of reference which they 
produce, and preferring to speak, as 
does McGregor (6), of “ambiguous 
and unambiguous stimulus situations.” 
Since the concepts of structure and 
ambiguity have implications for theo- 
ries of perception and since differences 
among various explanations of percep- 
tual and social phenomena may be par- 
tially accounted for by the fact that 
the aforementioned terms are employed 
with different shades of meaning, it 
seems worthwhile to aim at precise defi- 
nitions in order to provide a common 
universe of discourse. It is not in- 
tended in this report to furnish such 
definitions (nor do we think this a task 
to be tackled singlehandedly), but 
rather, to stimulate efforts in this di- 
rection. 


The term unstructured, although fre- 
quently employed, is generally not care- 
fully defined. Literally it means non- 
structured or structureless. But what 
stimulus object has no structure? And 
if it is structureless, what distinguishes 
it from its background, and how does 
one perceive it? 

Gestalt psychologists have employed 
the word structure in contrast to and- 
summations of elements where the lat- 
ter refers to “that kind of togetherness 
from which any one or more units may 
be removed without any effect either 
on the ones remaining or the ones re- 
moved” (3, p. 25). 

Perhaps the term unstructured is in- 
tended to describe such and-summative 
situations; or perhaps those who use it 
assume implicitly that the word means 
“possessing a low degree of structural 
clarity.” In any event, the use of the 
term is a source of confusion unless a 
contextual definition is given. 

The term unstructured has been ap- 
plied to such objects as inkblots (e.g., 
8, p. 432). Certainly the nature of an 
inkblot may be altered if its parts are 
altered; therefore, strictly speaking, it 
is not an and-summation. A more ap- 
propriate descriptive term is ambiguous 
where ambiguity refers to the fact that 
the situation does not possess proper- 
ties which impose only one clear, per- 
sistent organization, but that it is com- 
patible with various figure-ground rela- 
tionships. 

The term ambiguous has been used 
as synonymous with unstructured and 
poorly structured. If we accept the 
above proposed definition, then an am- 
biguous situation is not one which has 
no structure, or which is necessarily of 
an and-summative type, but one which 
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allows various structurizations. Some 
may be attained and maintained more 
or less readily than others; some or all 
may be relatively poor configurations. 
It may happen, however, that some of 
the possible structurizations are clear, 
quite dominant, and good configura- 
tions. Consider Boring’s “beauty-hag” 
picture. If the subject sees the young 
woman, it may be for him a very strong 
structure, difficult to alter. Once he 
does perceive the hag, she may become 
so dominant that he encounters diffi- 
culty in restoring his former view of 
the picture. Each of the two organiza- 
tions is strong and compelling. Thus 
ambiguity is not equivalent to a low de- 
gree of structural clarity. As a matter 
of fact, it does not at all refer to the 
strength of structurization, but rather, 
to a range of possible structurizations. 

Ambiguity is sometimes regarded as 
akin to neutrality. This meaning is 
somewhat confusing since an ambigu- 
ous situation does not permit just any 
reorganization of its parts. Moreover, 
some structurizations may be more 
readily attained and maintained, so 
that the stimulus field, even though 
ambiguous, is not neutral but plays an 
active role in determining what struc- 
turization is achieved. In one of our 
experimental studies (5), for example, 
we found that when confronted with a 
drawing sufficiently ambiguous to elicit 
such diversified replies as “face, girl, 
eye, eyebrow, lips, tongue, hair, shoul- 
der, finger, fair lady, letters of the al- 
phabet, numerals, circles, lines, scrib- 
bling, Veronica Lake, intestines, music 
notes” (5, pp. 259-260), not one of 
our subjects agreed that he saw in it 
a battleship or a bottle (5, pp. 270- 
271). The conclusion drawn from this 
study was that whether or not a sub- 
ject agreed with the socially offered re- 
sponse depended to some extent upon 
whether the objective material gave the 
possibility of support of this descrip- 


tion, whether it possessed some leading 
characteristics or the possibility of be- 
ing reorganized in line with it. The 
drawing, although ambiguous, lent it- 
self to some figure-ground relationships, 
but was incompatible with others. 

It may not be out of place to refer 
here to what has been accepted as a 
truism by some psychologists, namely, 
that the greater the ambiguity or the 
less definite the structure of the stimu- 
lus object, the greater tends to be the 
influence of personal and social factors 
(as opposed to autochthonous factors) 
in determining the percept (cf. 1, p. 97; 
7, p. 351; 9, p. 45). Indeed, the pres- 
ent writer accepted this viewpoint in 
an earlier publication (5, p. 257). But 
it now seems to us that this “truism” re- 
quires critical evaluation. 

To begin with, are there not condi- 
tions under which personal and social 
factors may make one better aware of 
the nature of external stimulation? Are 
not the various educational campaigns 
aimed at combating propaganda, preju- 
dices, and superstitions, based on the 
thesis that social pressures may open 
one’s eyes to reality? Why then has 
experimentation designed to study per- 
sonal and social influences on percep- 
tion devoted itself, almost without ex- 
ception, to the blinding influences of 
such forces rather than to their possible 
eye-opening effects? 

Secondly, as was indicated in fore- 
going paragraphs, it may be a false di- 
chotomy to distinguish between ambigu- 
ous stimuli and. well-structured stimuli, 
as if ambiguity necessarily precluded a 
high degree of structural clarity. 

Finally, the combined results of our 
experimental studies on social percep- 
tion (some still unpublished) do not 
reveal a direct relationship between the 
reported percepts and the relative de- 
gree of structuredness or of ambiguity 
of the various geographical stimulus ob- 
jects. Thus, in highly ambiguous draw- 
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ings, even when social pressures favor- 
ing conformity were introduced, it was 
found that not every proffered response 
was accepted as a frame of reference to 
be used in organizing the material. 
Even when clear-cut stimulus material 
was presented, under certain conditions 
(e.g., under the influence of speed, com- 
petition, or hunger) subjects could be 
made to give bizarre, contaminated re- 
sponses which were never reported by 
control group subjects. While it was 
our impression that in some of these 
cases a subject actually saw the domi- 
nant features of the objects although he 
failed to report them, it nevertheless 
seemed clear from the manner in which 
some subjects gave their responses and 
their reactions when they were later 
shown these objects that they had pre- 
viously failed to see characteristics or 
organizations usually reported by con- 
trol group subjects, and had actually 
believed that they were seeing what 
they had reported. In drawings gradu- 
ated for structure it was found that un- 
der certain conditions, as the clarity of 
the stimulus object increased, there was 
not a noticeable increase in the role 
played by prehensible features of the 
drawings or a decrease in the role 
played by personal and social factors 
in determining the percept (see, for ex- 
ample, 4). 

In order to understand the relation 
between stimulus and percept it seems 
necessary to distinguish between the 
geographical stimulus and the actual 
stimulus field which the subject uses in 
forming his percept. Social influences 
and motivational factors are just as 
much stimuli for perception as is the 
geographical stimulus object presented 
for judgment or observation, and they 
may become very dominant parts of the 
subject’s behavioral stimulus field. It 
is not enough, therefore, to be con- 
cerned with the degree of structural 
clarity or ambiguity of the geographi- 


cal stimulus; it is important to inquire 
into the extent of ambiguity—or per- 
missiveness—of the entire perceptual 
situation, and the degrees of structural 
clarity of the possible structurizations. 
These may be influenced by various fac- 
tors in the perceptual field, such as 
physiological and structural conditions 
of the observer’s perceptual processes, 
e.g., brain-damaged and toxic individ- 
uals may be unable to comprehend cer- 
tain forms and structures. 

What is needed is a functional de- 
scription of the life-space of the subject 
at the time of perception which takes 
into account the structural character of 
the behavioral stimulus field, and the 
role and function in this field of the 
assigned stimulus object. It seems to 
us that regardless of the structural na- 
ture of the material given for observa- 
tion, a subject will tend to be guided or 
not guided by its autochthonous factors 
according to whether it plays a central 
or peripheral role in his life-space at the 
time of perception. 

To summarize: It seems to us that 
it is necessary, for proper conceptualiza- 
tion of social perception, to examine the 
meanings of such terms as unstructured, 
poorly structured, ambiguous, as well 
as structured, well-structured, clear-cut, 
and unambiguous, and to aim at pre- 
cise definitions. It is necessary to re- 
consider some prevailing conceptions 
concerning the relationship between the 
structural nature of the stimulus object 
and the resulting percept. Finally, in 
order to advance understanding of this 
relationship, inquiry into the nature of 
structurizations should not be limited 
to the geographical stimulus object but 
should be extended to the behavioral 
stimulus field (which may or may not 
include the object given for judgment), 
and, indeed, to the entire perceptual 
field, i.e., to the perceiver’s momentary 
life-space. 
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BY HAROLD N. LEE 


Newcomb College, Tulane University 


There is one problem in which all 
psychologists and all philosophers are 
interested—the problem of knowledge. 
If they are not, they ought to be. It 
is true that sometimes one meets either 
a scientist or a philosopher who thinks 
and says that he is not interested in the 
problem. I have had a philosopher say 
to me, “I am interested in metaphysics 
not epistemology. First we must find 
out what reality is. Knowledge is just 
a part of it.” Similarly, I have had a 
scientist say to me, “Why raise prob- 
lems about knowledge? I look and see. 
The facts speak for themselves.” This 
scientist was not a psychologist, and I 
hope that psychologists are not so naive 
either about seeing, or about how lo- 
quacious facts are. 

It is sometimes said that too much 
emphasis on the criticism of method is 
a sign of decadence in any field of 
study. Perhaps it is; but on the other 
hand, too little interest may be a sign 
of naiveté. The person who takes meth- 
odology or the problem of knowledge 
for granted is at the mercy of various 
unconscious prejudices and assumptions. 
These unrecognized and therefore un- 
criticized assumptions will continually 
creep in to vitiate his findings, and to 
set him at sword’s points with those of 
his colleagues who have acquired dif- 
ferent assumptions. 

I have nothing. against assumptions 
as long as they are not unrecognized 
and uncriticized. In fact, I am going 
to start from an assumption which I am 
explicitly calling to your attention. I 


1Read as the presidential address at the 
Forty-first Annual Meeting of the Southern 
Society for Philosophy and Psychology, April 
15, 1949. 


shall present it to you here uncriticized, 
but that is because of the limitations of 
time and of your endurance. I have 
criticized it elsewhere. The assumption 
is that the most reliable way to gain 
generalized knowledge about the world 
around us—how it is constructed and 
what is in it—is by the use of the sci- 
entific method. 

Note that I say generalized knowl- 
edge. That means theoretic knowledge. 
And note also that the theoretic knowl- 
edge with which my assumption is con- 
cerned is the knowledge of the world of 
experience. The application of the sci- 
entific method in the way indicated 
gives rise to the empirical sciences, or, 
if you wish, the natural sciences. 

I suppose that all of you will agree 
with me in my basic assumption; and 
certainly the large majority will agree 
also that psychology is one of the em- 
pirical sciences. Thus the method of 
gaining reliable generalized knowledge 
in psychology is by the use of the scien- 
tific method. Most of you are ac- 
quainted with the role of hypotheses in 
natural science. All natural laws are, 
in the last analysis, generalizations of 
great scope, and these generalizations 
are hypothetical in nature. 

Science does deal with facts, but only 
as raw material. Facts are useful in 
so far as they yield laws, theories, hy- 
potheses. They do not speak for them- 
selves. No fact ever told an investi- 
gator what law it embodied. The in- 
vestigator has to dig the generalization 
out of the accumulated mass of facts. 

The interrelationship between fact 
and theory itself constitutes a problem. 
The ascertainment of fact is itself not 
independent of theory. Facts are not 
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what is ultimately and irreducibly given 
in experience. Facts are what we are 
aware of in perceptual experience,—but 
that is a different matter. It was long 
ago pointed out by psychology that con- 
crete perception always includes a. ref- 
erence to past experience. Perception 
of fact is an interpretation of what is 
immediately and irreducibly given in 
the activity of the senses and in imagery 
in terms of past experiences and future 
possibilities of action. Facts, in other 
words, always include a conceptual ele- 
ment. Facts mean something, both in 
reference to past experience and to fu- 
ture action, and meaning is conceptual. 

We may call whatever is ultimately 
and irreducibly given in experience, per- 
ceptual intuition, i7.e., that of which we 
are immediately aware in perception. 
It is true that in concrete experience we 
are aware of facts, and that the intuited 
elements are analyzed from the concrete 
facts; but this is because we are all 
more or less adult human beings with 
inescapable references to past experi- 
ence and future possibilities of action. 
We cannot free ourselves from the past 
and the future except by the processes 
of analysis and abstraction. 

The colors, shapes, and sounds in our 
experience are intuited, but these intui- 
tions are never the whole of concrete 
adult experience. The concrete object 
of our perception is a tree or a tele- 
phone pole or juke box. These are per- 
ceptions of fact, and facts are always 
interpretations of intuited content in 
terms of concepts. “Tree,” “telephone 
pole,” “juke box”: these words name 
concepts. I remind you, however, that 
I am not here making inexpert and 
speculative pronouncements about ge- 
netic psychology. I am engaged in 
epistemological analysis. 

These considerations, however, are 
taking us afield. My subject is not 
the nature of fact but the nature of 
theory. It is true that fact is not inde- 


pendent of theory, but neither is it the 
same as theory. Theory is general. 
Facts are particular. That means that 
a fact has a special locus in space and 
time, and each separate fact has a dif- 
ferent locus. Theory is not tied down 
to a special locus. Theory is general. 
This means that it applies to many facts 
in many different loci of space and time. 
Facts may be perceived. Theories, on 
the other hand, are conceptual. 

I realize that the word “theory” is 
not always used in the way in which I 
am defining it. A newspaper editorial, 
in condemning a view contrary to its 
own, will sometimes say, “That is only 
theory; it won’t work.” Such uses of 
the word “theory” are not very precise. 
I do not know exactly what the edi- 
torial writer means. The expression is 
probably his way of saying that, in his 
opinion, his opponent’s views are hot 
air, empty and distasteful to all right- 
thinking persons.’ 

In this paper I shall use the words 
“theory” and “theoretic” to refer to 
knowledge that is general in nature. 
General principles are theoretic, and a 
body of interrelated general principles 
is an elaborated theory. 

We are now ready for the major the- 
sis of this paper. It is as follows: all 
theoretic knowledge is hypothetical. 

As soon as I make this statement, the 
status of mathematical and logical prin- 
ciples may occur to you. These are 
indisputably theoretic, and they are usu- 
ally regarded as certain. Their cer- 
tainty, however, is only relative to their 
premises. If the postulates of a mathe- 
matical or a logical system are true or 
correct, then the theorems are certain. 
The foregoing statement is certain, but 
note that it is hypothetical. 

These statements, however, do not 
represent the kind of theoretic knowl- 

2 As Sir Arthur Eddington remarks: “ ‘Right- 


thinking person’ is, of course, a modest way 
of referring to oneself” (1, p. 2). 
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edge nor the kind of hypothesis into 
which I want to inquire. The certainty 
here arises because the mathematical 
and logical principles are not about any- 
thing. They may be applicable to ex- 
perience, but they are not about expe- 
rience. Mathematical and logicai prin- 
ciples are certain @ priori, and that is 
because they are analytical and do not 
carry with them any statement of their 
applicability. 

When I say that all theoretic knowl- 
edge is hypothetical, what I want to 
call to your specific attention is theo- 
retic knowledge about the world we live 
in, generalizations about empirical mat- 
ters, statements whose meaning lies in 
their application to experience. 

The type of hypothesis to which I am 
referring is the explanatory hypothesis 
of natural science. Such a hypothesis, 
when it fully and explicitly performs its 
explanatory function, is stated in the 
form of a proposition in formal logic— 


the “‘if-then”’ proposition, where the “if” 
clause is called the antecedent and the 
“then” clause the consequent. 

It is customary for writers on science 
to distinguish between a scientific hy- 


pothesis and a scientific law. I shall 
nevertheless maintain that formally 
there is no essential difference. If we 
wish, we can refuse to call any prin- 
ciple a law unless it is wide in scope and 
has received a high degree of verifica- 
tion. It may nevertheless remain true 
that the knowledge which this law ex- 
presses is hypothetical. I think that 
the day is past when scientists can say 
with Karl Pearson: 


“Scientific law is valid for all normal 
human beings, and is unchangeable so long 
as their perceptive faculties remain at their 
present stage of development” (5, p. 104). 


3Italics mine. Pearson emphasizes that 
scientific law is relative to human beings, but 
he used the word “hypothesis” only for a 
“working hypothesis.” In his terminology a 
generalization is a hypothesis when it has not 


I hope that the day is past when scien- 
tists are disposed to say this, especially 
when they place emphasis on the word 
“unchangeable.” 

The terms “law,” “theory,” “hypoth- 
esis” can all be used in a narrower or 
a broader sense. In the narrower usage 
the distinction between them depends 
on a difference in the degree to which 
they are based on evidence and have 
been confirmed by evidence. Thus we 
can call a generalization based on little 
evidence and with little confirmation a 
guess or speculation; with more we call 
it a hypothesis; with still more, a the- 
ory; and with most evidence and con- 
firmation, we call it a law. There is 
nothing very precise about this contrast 
of terms. The usage is mostly tradi- 
tional. We still talk about the law of 
gravitation, but about the theory of 
relativity. 

What I am proposing is that in the 
broader, more fundamental use of the 
terms, all generalizations are theoretic 
and theory is hypothetical. I am not 
talking merely about the use of words. 
I am talking about the nature of the- 
oretic knowledge, no matter what it 
may be called: whether it is categori- 
cal and yields certainty or whether it 
is always hypothetical and yields only 
probability. 

Let us return to the laws of science. 
These are inductive; that is, a generali- 
zation is stated on the ground of ex- 
perience with particulars. Of course 
these laws are usually stated categori- 
cally, but this is merely a linguistic con- 
venience. The knowledge that they 
convey may not be categorical. The 
kind of knowledge that they do convey 
can be found in a consideration of their 
genesis and the relation they have to 
the particulars. Generalizations do not 


been or is being “put to the test of experi- 
ence.” It is a law when it has passed the 
test. See p. 120. 
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just grow on particulars and wait for 
us to come along and pick them off. 
The important point is that generali- 
zations are always intended to be ex- 
planatory of the particulars. We say 
that if such and such a generalization 
holds, then this and that particular will 
follow. To ‘take a concrete ‘example: 
“If all policemen have big feet, then it 
is not surprising that Willie, the pride 
of the finest, wears number 12 shoes.” 
It would be better to cite more im- 
portant generalizations. In 1919 the 
Royal Astronomical Society sent expe- 
ditions to Brazil and to West Africa 
where a total eclipse of the sun was 
predicted to take place. The expedi- 


tions were to observe especially the po- 
sitions of stars close to the sun, because 
if the general theory of relativity holds, 
then the apparent position of stars close 
to the sun should be displaced outward 
approximately 1.7 seconds of an arc. 
No one had ever noticed this phenome- 


non, but now when it was looked for, 
the phenomenon did make its appear- 
ance. The stars were observed to be 
displaced approximately the amount 
predicted, subject to inaccuracy of ob- 
servation and measurement (2, pp. 152- 
155). In 1922, with instruments of 
greater precision, the displacement was 
further verified (3, p. 17). These were 
crucial observations in establishing the 
general theory of relativity. 

Note that I have been careful to re- 
tain the hypothetical form of the state- 
ment of the principle. “If the syste- 
matic body of generalizations making 
up the theory of relativity holds, then 
certain events will take place.” Thus 
on the ground of accepting the general 
theory, the events, when they do take 
place, are explained. When the events 
have never been observed before their 
prediction, the explanatory power of 
the hypothesis is spectacularly revealed 
upon their observation. Cases in point 
are the first observation of the planet 


Neptune and the case I have already 
described, the displacement of stars 
close to the sun. Nevertheless, the 
principle is the same when the hypothe- 
sis explains something previously ob- 
served, such as the advance of the peri- 
helion of Mercury (2, p. 150; or 3, p. 
22) or the occurrence of an ordinary 
eclipse of the sun or moon. 

When I say that scientific hypotheses 

explain particular occurrences, I am not 
using the word “explain” in a meta- 
physical sense. That is, the hypothesis 
is not the “reason why” the particular 
event takes place. Perhaps the assump- 
tion that the event takes place because 
it is commanded to do so by the gen- 
eralization gave rise to the term “natu- 
ral law” (6, p. 245). No scientist to- 
day, however, would hold this view, and 
the use of the term “law” is understood 
to be derived from a metaphor. Scien- 
tific explanation of particulars means 
that the occurrences of many different 
kinds of particulars can be related to 
each other in an intelligible manner by 
means of generalizations under which 
all can be subsumed. 
A scientific hypothesis or theory is a 
generalization of wide scope which ex- 
presses the correlations of many par- 
ticular events. It can be assumed to 
be true only to the degree to which it 
accomplishes this task. It is not known 
a priori; it is not given in any imme- 
diate knowledge. We say it is elicited 
from the particulars themselves. 

This process can be described briefly 
as follows. Particular experiences are 
perceived. As soon as we start think- 
ing about them—in fact, perhaps in the 
very act of perception itseli—they are 
subjected to analysis, that is, they are 
broken up by thought into parts. If 
any part or any collocation of parts is 
regarded by itself or without reference 
to other parts, the process of abstrac- 
tion has taken place. Abstraction means 
thinking of something outside of the 
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concrete context where we find it. Gen- 
eralization consists in noting that we 
can abstract the same characteristics or 
conditions from more than one particu- 
lar instance. Thus a generalization ap- 
plies to or covers several particular in- 
stances. 

Such in brief is the genesis of a scien- 
tific hypothesis, theory, or law. Let me 
summarize as far as I have gone. A 
scientific theory says, “If generalization 
G is true, then particulars a, b,c... 
follow.” The latter ar ubsumed un- 
der the generalization and thus ex- 
plained by it. If we accept the gen- 
eralization, the particulars of experience 
are rendered intelligible. This is the 
only way of rendering the particulars 
of experience intelligible—relating them 
to each other by means of generaliza- 
tions under ‘which they can be sub- 
sumed. Thus the general theory of 
relativity explains the displacement of 
stars near the sun and the progression 


of the perihelion of Mercury. New- 
tonian mechanics and gravitation do 


not explain these phenomena. This 
means that they cannot be subsumed 
as special cases under the generaliza- 
tions of the Newtonian theory. 

Now to go on: I am proposing that 
all inductive knowledge, whether it is 
to be found in the body of natural sci- 
ence or in philosophy or elsewhere, is 
of this same nature. We have no other 
way of making valid generalizations 
from experience than by analysis and 
abstraction from our perceptions. There 
is no other way of rendering anything 
in experience intelligible but by relat- 
ing it to other things through the gen- 
eralizations thus obtained. By pure 
reasoning you can arrive at valid con- 
clusions, but you cannot show that 
these conclusions apply to anything in 
experience. Thus all empirical theory 
(and by that I mean all theory about 
anything except itself) is made up of 
generalizations, the validity and the 


truth of which lie in their explanatory 
power and effectiveness. All empirical 
theoretic knowledge is hypothetical and 
finds its justification in its verification. 

Now let us go back again to the veri- 
fication of scientific hypotheses and con- 
sider them from a strictly logical point 
of view. The form is: if generalization 
G is true, then particulars a, b, c . 
will happen. Suppose that we observe 
a, b, and c. Does that prove G in any 
strict sense of the word “proof”? The 
answer is simply no. The general the- 
ory of relativity predicts that stars near 
the sun will be seen to be displaced out- 
ward 1.7 seconds of an arc. They are 
so seen. That does not prove the the- 
ory or even contribute to its proof. The 
theory predicts that the perihelion of 
Mercury will advance approximately 43 
seconds of an arc per century more than 
predicted by the Newtonian theory. It 
is seen to advance at this slightly more 
rapid rate. Does that prove the the- 
ory? Again, of course, the answer is 
no, not in the strict sense of the word 
“proof.” 

To suppose that a hypothesis is 
proved by the truth of the consequences 
is to perform the simple fallacy of af- 
firmation of the consequent. This is 
always a fallacy. Not all the conse- 
quences in the world can prove the 
hypothesis. The observation of con- 
sequences does contribute toward the 
verification of hypotheses, but verifica- 
tion is not proof. The observation of 
consequences is usually held to increase 
the probability of the truth of the gen- 
eralization, though there is a dispute 
between adherents of different theories 
of probability as to how this can be. 

What does it mean then to talk about 
the “truth” of a hypothesis? A scien- 
tific hypothesis is justified to the de- 
gree it is verified. Its verification lies 
in its explanatory power, and explana- 
tion means the degree to which differ- 
ent particulars of experience can be 
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interrelated and thus be shown to be 
intelligible by means of subsuming them 
under suitable generalizations. Theo- 
retic truth then is defined in terms of 
rendering experience intelligible. 

I suggest that this is the full mean- 
ing of empirical theoretic truth. Per- 
haps practical truth and perceptual 
truth are different matters and differ- 
ently to be explained. That question 
is not at issue now. I am giving a 
theory of theoretic truth, and when I 
say that my theory of truth is true, I 
aim to be consistent. I mean that it 
is a hypothesis which, so far as I can 
see, has great explanatory power. 

I do not see how psychologists or 
philosophers can claim to be exempt 
from the consequences of this hypothe- 
sis. Mathematicians and logicians are 
exempt, for their theories are not about 
empirical matters. Both psychologists 
and philosophers, however, claim most 
of the time to be talking about some- 
thing in experience. In so far as they 
are concerned with experience, they are 
not exempt. Their theories are hypoth- 
eses that are justified only by their 
explanatory power. 

At the present time there is a good 
deal of feuding between different schools 
of psychological thought. It is taken 
for granted that philosophers are al- 
ways feuding. I think that this is not 
only regrettable, but if there is any- 
thing in the thesis of this paper, it is 
theoretically unjustified and perhaps 
even a little absurd. .No one has any 
theoretic truth that is more than hy- 
pothesis. It does not seem probable 
from an examination of how hypotheses 
are formed that any one hypothesis can 
be established so firmly as to render all 
alternatives impossible. 

Feuding among philosophers and psy- 
chologists—and especially the intellec- 
tual intolerance upon which it is based 
—is theoretically unjustified. This is 
not meant, however, to discourage lively 


controversy. When a new hypothesis 
is proposed it should be attacked and 
defended with vigor. Only in this way 
can it be thoroughly tested. Today we 
are apt to judge that Priestley’s attack 
on the new combustion theory of La- 
voisier was not well taken. Perhaps 
Priestley held to the phlogiston theory 
too long and against too much evidence; 
but perhaps his attacks on the combus- 
tion theory helped to establish it by 
forcing its defenders to subject it to 
thorough testing. 

On the other hand it is good that new 
hypotheses should not be accepted un- 
til all conceivable attempts to over- 
throw them have been made. It is also 


good that the supporters of a new hy- 
pothesis should hold on to it and push 
it, so that it will not get lost in the 
shuffle, or even worse than that, get 
squelched by authority. 

There should be no such thing as 
scientific authority, although unfortu- 


nately there is. In the 1880s C. A. Mc- 
Munn made a contribution to the un- 
derstanding of the way in which the 
transfer of oxygen from hemoglobin to 
the tissues takes place. After a little 
controversy, he was put down by the 
bio-chemist Hoppe-Seyler, who twenty 
years earlier had made the very impor- 
tant discovery of the role of hemoglobin 
in carrying oxygen from the lungs to 
the tissues. Hoppe-Seyler printed a 
note alongside McMunn’s last paper 
saying that he considered further dis- 
cussion superfluous. McMunn appar- 
ently subsided; at any rate discussion 
was dropped, and it was not discovered 
that he was correct and Hoppe-Seyler 
incorrect until forty years later, in the 
1920s (4, p. 170). It might have saved 
forty years if McMunn had been a little 
more tenacious of his hypothesis. 

All philosophers and all psychologists 
are engaged in the same kind of task 
in so far as they are all trying to under- 
stand something. Understanding is 
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achieved by the formulation of gen- 
eralizations and the construction of 
theory. Theoretic knowledge is hypo- 
thetical, and is true in so far as the 
hypothesis does what it is set up to do. 
There is no justification whatever for 
one person to assume that his theories 
are absolutely true and those of his op- 
ponents are so false that only a stub- 
born ass could continue to hold them. 
All hypotheses must be tested in every 
conceivable way. Let the opponents 
suggest and work up tests. Unless they 
have something constructive of this kind 
to say, let them keep silent and spend 
their energies not in quarreling but in 
developing their own hypothesis and 
welcoming the suggestions of tests made 
by their opponents. If the hypothesis 
will not stand the test, it is no good 
anyhow. A hypothesis cannot be estab- 
lished by refusing to test it, but only 
by testing it in every conceivable way. 

We shall all get further toward our 
goal of understanding if we cooperate. 
The intellectual enterprise is a common 
and cooperative endeavor, and its fur- 
therance should not be hindered by per- 
sonal bickerings and unfriendliness that 
are utterly incompatible with its nature. 
The view that all theoretic knowledge is 
hypothetical gives no basis for dogma- 
tism in either philosophy or science. 


The dogmatist is one who is absolutely 
certain of his knowledge. 

If we are not to be dogmatists, then 
are we, ipso facto, skeptics? The thesis 
of this paper gives no comfort to skep- 
tics either. The skeptic denies the pos- 
sibility of theoretic knowledge. I do 
not deny it. On the other hand, I as- 
sert that we have it. We have a great 
deal of it. Furthermore, all under- 
standing (in the literal epistemological 
sense of the word “understanding”) is 
in terms of theoretical knowledge. And 
there are many things about this world 
that we do understand. The view that 


theoretic knowledge is hypothetical does 
not conjure away this understanding. 
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CRITERION ANALYSIS—AN APPLICATION OF THE 
HYPOTHETICO-DEDUCTIVE METHOD TO 
FACTOR ANALYSIS 
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I. INTRODUCTION 


Among statistical methods now in 
common use in psychology, factor anal- 
ysis presents certain interesting and par- 
adoxical features. Although more and 
more psychologists, sociologists, and re- 
cently even physicists and chemists, have 
used factor analysis as their preferred 
statistical résearch tool, and although 
many experts, among whom we may 
mention Thurstone, Burt, Cattell, Guil- 
ford, and Vernon, have expressed their 
faith in its adequacy to solve some of 
our most pressing taxonomic problems, 
yet much criticism of this technique has 
been advanced by two schools of 
thought usually on opposite sides of the 
fence. Factor analysis has been criti- 
cized severely by those who, like All- 
port, Murray, and other adherents of 
the psychiatric, individualistic, idio- 
pathic point of view believe its atomis- 
tic assumptions violate the holistic na- 
ture of human personality. It has 
equally suffered the onslaughts of pro- 
fessional statisticians who point out its 
formal deficiencies, and prefer the more 
rigorous methods of discriminant func- 
tion analysis, analysis of variance, and 
regression equations. No other method 
in statistical psychology has suffered 
such a multiplicity of criticisms, and it 
behooves those of us who make use of 
it to look carefully at the various as- 
pects of factor analysis which may be 
considered most vulnerable to such at- 
tacks. 

Truman L. Kelley has pointed out 
that statistics has three main functions. 
“The first function of statistics is to be 


purely descriptive, and its second func- 
tion is to enable analysis in harmony 
with hypothesis, and its third function 
to suggest by the force of its virgin data 
analyses not earlier thought of” (9, pp. 
22, 23). While most statisticians would 
agree to the descriptive purposes of 
many statistical constants, there is less 
agreement regarding the other two func- 
tions mentioned by Kelley. “We may 
say that there are two occasions for 
resort to statistical procedures, the one 
dominated by a desire to prove a hy- 
pothesis, and the other by a desire to 
invent one. This has led to distinct 
schools of statisticians, both lying within 
the general field of scientific endeavor” 
(9, p. 12). 4 
Reference to this dichotomy of func- 
tions and purposes within the field of 
statistics gives us one hint as to the 
reasons for the general statistical criti- 
cisms of factorial methods. Unlike 
analysis of variance and covariance, dis- 
criminant function analysis, or even the 
humble C.R. or ¢ form of analysis, fac- 
tor analysis does not in general attempt 
to prove or disprove a hypothesis; it 
does not set out to disprove any form 
of null hypothesis at some critical level 
of significance. Its function appears to 
be far more dominated by the desire to 
“invent” a theory, and in spite of Kel- 
ley’s words this function of statistics is 
not generally recognized by statisticians 
as being truly within the purview of 
this particular branch of science. 
Holzinger describes the nature of fac- 
tor analysis thus: “Factor analysis is a 
branch of statistical theory concerned 
with the resolution of a set of descrip- 
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tive variables in terms of a small num- 
ber of categories or factors. .. . The 
chief aim is . . . to attain scientific 
parsimony or economy of description” 
(7, p. 1). Similarly Kelley: “There is 
no search for timeless, spaceless, popu- 
lationless truth in factor analysis; 
rather, it represents a simple, straight- 
forward problem of description in sev- 
eral dimensions of a definite group 
functioning in definite manners, and he 
who assumes to read more remote veri- 
ties into the factorial outcome is cer- 
tainly doomed to disappointment” (10, 
p. 120). It is clear that these authors 
regard the task of factor analysis as 
essentially one of arriving at a conven- 
ient small set of fictitious variables 
which can be used to describe the inter- 
relations of a larger set of (real) vari- 
ables; these fictitious variables or fac- 
tors are the hypotheses which the sta- 
tistical method of factor analysis helps 
us to “invent.” There can be very little 
doubt that factor analysis has played 
an important part in aiding in this task 
of “invention,” and the writer does not 
wish to underrate the contribution to 
psychological theory which has been 
made in this way. 

Yet when one looks over the list of 
factors found in the cognitive field 
(12), or in the field of conation and 
affection (1), one may be pardoned for 
concluding that most of these hypothe- 
ses which factor analysis has led mod- 
ern writers to espouse are far from 
original, and may be found in writings 
free from any contamination with sta- 
tistical procedures. If the true contri- 
bution of factor analysis has really been 
the “invention of hypotheses,” then it 
would seem that other less laborious 
methods would frequently have given 
us hypotheses not essentially different 
from those emerging from this modern 
concourse of calculating machines. And 
if the rejoinder be made that hypotheses 
derived from careful statistical investi- 


gations of large-scale experimental ma- 
terials are more valuable than hypothe- 
ses of the Schreibtisch-experiment type, 
the answer surely must be that the deri- 
vation of an hypothesis does not guar- 
antee its value, but that what is re- 
quired is some method of indisputable 
proof of the correctness of the conclu- 
sion. In other words, we are led back 
to the alternate function of statistics 
mentioned by Kelley, the proving of an 
hypothesis. Can factorial methods be 
used to prove, as well as to suggest, sci- 
entific hypotheses? 

This question is taken up directly by 
Cattell. He points out that the psy- 
chologist, as a scientist, will want to 
find the set of factors which corresponds 
to a set of psychologically real influ- 
ences because he is interested in under- 
standing the psychological meaning of 
his predictions and because he is curious 
to gain truth for its own sake. “In that 
case he may (1) devise possible ways 
of overdetermining the analysis of the 
given correlation matrix so that only 
the one set of true factors will emerge, 
or (2) start from the opposite shore 
and propound, on psychological grounds 
alone, a hypothesis about what source 
traits are operative in the variables. 
Then he will see if these factors corre- 
spond to any of the possible mathe- 
matical factors found in the matrix” (1, 
p. 273). Cattell rejects the second, or 
hypothetico-deductive, type of method 
on two grounds. “... in the first place, 
personality study has so few other re- 
liable avenues for arriving at, or even 
suspecting, the basic source traits, that 
hypotheses are likely to be erratic. In 
the second place, the mathematical solu- 
tions to any set of correlations are so 
numerous and varied that unless the 
hypothesis can be stated in very pre- 
cise quantitative terms the ‘proof’ of it 
is easy—so easy as to be worthless” (1, 
p. 274). Cattell repeats his position in 
slightly different terms: “. . . we have 
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rejected one of the two major ap- 
proaches normally approved by scien- 
tific method—namely, that of inventing 
a hypothesis about the particular fac- 
tors expected and attempting to dis- 
cover a factorization to match it—be- 
cause in this field almost any hypothesis 
could be so ‘confirmed.’ Instead, we 
seek general guiding principles for the 
mathematical analysis itself which will 
lead to a unique solution” (1, p. 281). 

It is the purpose of this paper to 
suggest a method of rotation of factor 
axes which will give a unique, invari- 
ant solution along the lines of the 
hypothetico-deductive method; in other 
words, we believe that Cattell dismisses 
too easily the most powerful instrument 
of scientific methodology so far devised, 
and advocates instead methods which 
we shall try to show to be in no way 
adequate substitutes for it. First, we 
shall turn to an examination of these 
“methods of overdetermining the analy- 
sis of the given correlation matrix,” and 
to a review of the results which may be 
expected from the use of these meth- 
ods; then we shall describe the princi- 
ples on which the method of criterion 
analysis was devised, in an attempt to 
get over the difficulties pointed out by 
Cattell; the principles will be discussed 
by reference to a worked example to 
show the application of this new method 
to a concrete problem. 


II. PrrncrpLes oF Factor RoTATION 


Cattell lists seven principles for de- 
termining the choice of factors: (1) Ro- 
tation to agree with clinical and general 
psychological findings; (2) Rotation to 
agree with factors from past factor anal- 
yses; (3) Rotation to put axes through 
the centre of clusters; (4) The princi- 
ple of orthogonal additions; rotation to 
agree with successively established fac- 
tors; (5) The principle of expected 
profiles; rotation to produce loading 
profiles congruent with general psycho- 


logical expectation; (6) The principle 
of “simple structure” relative to the 
given correlation matrix; (7) The prin- 
ciple of proportional profiles or “simul- 
taneous simple structure.” These seven 
principles may in our discussion be re- 
duced to two: rotation where there is 
an outside criterion, and rotation where 
reliance is placed exclusively on statisti- 
cal properties of the correlation matrix. 

When there is an outside criterion, 
there are many different ways of mak- 
ing use of the criterion; these all re- 
duce ultimately to the most simple and 
direct—inclusion of the criterion in the 
correlation matrix, and subsequent rota- 
tion of factors in such a way that all 
the common-factor variance of the cri- 
terion score is taken up by one factor, 
which is then identified with the prin- 
ciple of classification underlying the cri- 
terion. As an example of this approach, 
we may quote the correlational analysis 
by Cox of Rorschach scores, taken on 
60 normal and 60 neurotic children 
matched for age, sex, and I.Q.1_ Each 
score was also correlated with the nor- 
mal-neurotic dichotomy, which thus be- 
came the criterion score in the matrix 
of intercorrelations. After factoriza- 
tion, axes were rotated in such a way 
that all the common-factor variance of 
the criterion score was taken up by one 
factor, thus identified as “neuroticism,” 
leaving only zero projections for this 
item on the remaining factors. While 
this method has certain advantages, it 
suffers from two great and fundamental 
drawbacks. In the first place, if the 
correlations between the _ individual 
scores and the criterion score are sig- 
nificant (if, in other words, several test 
scores discriminate significantly between 
the criterion groups), then it follows in- 

1This study was carried out under the 
writer’s direction, and will be published in 
due course. It should be noted that our com- 
ments on this research are not intended as 
criticisms, as Cox’s purpose was not identical 
with that which we are discussing. 
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evitably that a factor should be pro- 
duced from the intercorrelations of the 
scores which, when rotated in conform- 
ity with the principle outlined, would 
have high loadings for the criterion 
score. In other words, it is doubtful if 
the factorial approach adds anything 
of fundamental scientific interest that 
would not be given equally well, and 
more quickly, by some form of multi- 
ple regression or discriminant function 
analysis. 

The other objection is even more fun- 
damental; the procedure outlined begs 
the question which is really the ultimate 
justification for the factorial quest. We 
assume that the criterion groups are sit- 
uated along a continuum which consti- 
tutes what Cattell calls a ‘“‘source trait”’; 
this fundamental assumption cannot be 
proved by means of the procedure de- 
scribed here. The fundamental as- 
sumption that neuroticism is a source 
trait remains an assumption, and if, as 
the writer believes, it be true that the 
main raison d’étre of factorial methods 
lies in their ability to prove or disprove 
fundamental taxonomic questions of 
this kind, then clearly the method of 
rotation through an outside criterion is 
not of great general importance. It as- 
sumes, as do all the orthodox statistical 
methods dealing with the significance of 
differences, or the maximizing of such 
differences (analysis of variance and co- 
variance, discriminant function analy- 
sis, multiple regression, etc.), that the 
main dimensions, or source traits, have 
already been located, and that contrast- 
ing groups, representing extremes along 
these dimensions, have already been lo- 
cated. Factor analysis alone sets out 
to discover which are these main dimen- 
sions, and it is precisely this feature 
which constitutes its claim to serious 
consideration. 

Having rejected the method of ex- 
ternal criteria, we must now turn to 
the method of internal criteria, i.e., the 


methods of simple structure and of pro- 
portional profiles. There is such a large 
body of discussion dealing with these 
principles that we shall merely indicate 
with extreme briefness why we consider 
that they also fail to solve the problem 
which factor analysis sets out to attack. 
We shall not enter into such points as 
the question of invariance or uniqueness 
of the solutions offered; it is realized 
fairly widely that simple structure solu- 
tions are not unique (i.e., different psy- 
chologists analyzing the same matrix 
would not emerge with identical solu- 
tions), and they have not been proved 
to be invariant. These matters are vi- 
tally important, of course, but we would 
lay stress rather on a different aspect of 
these proposals which appears even 
more open to criticism. Thurstone and 
Cattell make the assumption that if 
some “general guiding principles” could 
be arrived at from an analysis of the 
matrix of intercorrelations itself, then 
we would be ensured of finding “factors 
corresponding to realities.” Thurstone 
phrases this point rather differently by 
saying that only when factors are ro- 
tated in conformity with his principles 
do they become “psychologically mean- 
ingful.” It is this fundamental assump- 
tion underlying the work of both Thur- 
stone and Cattell which appears doubt- 
ful to the present writer. At the very 
least it would appear to require some 
form of proof; clearly as a principle it 
is not self-evident, as is shown by the 
fact that many experts, Burt and Thom- 
son among them, have expressed views 
seemingly in contradiction to it. Yet 
no such proof is attempted, nor is it at 
all easy to see precisely how it could be 
given. It would almost seem as if the 
principle of simple structure, and that 
of proportional profiles, were engaged on 
a gigantic game of tautological hunt- 
the-slipper, in which artificial statistical 
rules applied to a matrix or a set of 
matrices are supposed to give reliable 
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and valid information about real psy- 
chological influences. 


III. CriTERION ANALYSIS 


Any statistical method of analysis is 
appropriate only to certain types of 
problems. The type of problem to 
which criterion analysis is appropriate 
may be described most easily by refer- 
ence to an actual investigation. On the 
basis of a number of experimental and 
statistical investigations described else- 
where (2), the writer has advanced the 
heuristic hypothesis that there exists “a 
general factor of neuroticism, similar in 
mode of derivation and general inter- 
pretation on the orectic side to the gen- 
eral factor of intelligence on the cogni- 
tive side.” This hypothesis assumes the 
existence of some strong, innate tend- 
ency predisposing individuals towards 
definite degrees of emotional adjust- 
ment or maladjustment, maturity or im- 


maturity, neurotic or non-neurotic re- 
activity to environmental stress. It also 
assumes that the amount of environ- 
mental stress suffered by any given in- 
dividual will affect the likelihood of his 


actual breakdown. We are not con- 
cerned here with the relative contribu- 
tion of heredity and environment to 
neurotic maladjustment; what does con- 
cern us here is the hypothesis that this 
putative factor of “neuroticism” forms 
a quantitative continuum at one ex- 
treme of which are to be found hospital- 
ized neurotics, while so-called normals 
are to be found all the way from the 
near-neurotic and neurotic to the con- 
spicuously non-neurotic, mature, stable 
and integrated type of personality. 

A second heuristic hypothesis was 
also advanced, again on the basis of 
various empirical investigations, to the 
effect that within the general field of 
temperament, a general factor of extra- 
version-introversion could be found 
which was orthogonal to the factors 
of intelligence and neuroticism, and 


which found its prototypes in the neu- 
rotic disorders known as hysteria and 
dysthymia (psychasthenia, neurasthe- 
nia, anxiety. neurosis) respectively. 
While this scheme of organization was 
based on factorial studies, it was rec- 
ognized that the researches reported 
did not contain any definite proof re- 
garding the feasibility of the assump- 
tions made. The possibility could not 
be ruled out that certain qualitative 
differences existed between normal and 
neurotic groups, for instance, which 
gave rise to differences in test scores 
between these groups; if this were so, 
the assumption of a quantitative con- 
tinuum would clearly be untenable. 

A similar problem arises in conjunc- 
tion with a much more widely held the- 
ory, namely, that associated with the 
name of Kretschmer (11). This au- 
thor believes that there exists a nor- 
mality-abnormality continuum whose 
one extreme is not the neurotic, but 
the psychotic; he also posits that the 
main factor in the temperamental field 
finds its prototypes in the main func- 
tional psychoses (schizophrenia and 
manic-depressive insanity), rather than 
in the neuroses. Instead of a taxonomic 
system based on neuroticism and extra- 
version-introversion, Kretschmer there- 
fore has an entirely different system 
based on psychoticism and cyclothymia- 
schizothymia. The present writer has 
outlined Kretschmer’s position at length 
elsewhere (3), and is publishing experi- 
mental evidence regarding the adequacy 
of his theoretical position; here he only 
desires to draw attention to the fact 
that both theories (Kretschmer’s and 
the writer’s) cannot be right, although 
they may well both be wrong, and that 
consequently some form of proof be- 
comes indispensable. Kretschmer has 
attempted such a proof, which has much 
methodological interest; the writer has 
examined it elsewhere, and does not 
wish to repeat his arguments here; the 
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conclusion arrived at was that this al- 
leged proof really leaves the issue inde- 
terminate. Clearly what is wanted is a 
deduction from the hypotheses pre- 
sented which can be tested by means 
of statistical procedures; a deduction, 
needless to say, which is sufficiently pre- 
cise to avoid an equivocal answer. 

Deduction 1: The type of deduction 
on which our method relies may be il- 
lustrated by reference to a hypothetical 
example in which we are dealing with 
the “neuroticism” factor, and two tests, 
T, and T,, which discriminate signifi- 
cantly between a normal and a neurotic 
group. (We shall leave aside for the 
time being a consideration of the ques- 
tion of how these groups are chosen, or 
of problems of sampling which arise.) 
On the hypothesis that neuroticism is a 
continuous variable, a “normal” group 
would include persons differing in de- 
gree of “neuroticism.” Now clearly the 
more highly “neurotic” subjects in the 
normal group should have higher “neu- 
rotic” scores on the two tests than the 
less highly “neurotic” subjects (we are 
assuming here that the tests have a 
threshold and a ceiling sufficiently far 
apart to allow differentiation at all lev- 
els of “neurcticism,”’ an assumption 
which will be discussed below). It 
would follow from this argument that 
on the average T; and T, should be 
correlated in the normal population, a 
deduction which can easily be verified. 
(This correlation should of course be 
purified of the effects of irrelevant fac- 
tors, such as intelligence, etc.) 

This suggested proof could of course 
be extended to any number of tests; if 
a battery of n tests discriminates be- 
tween normal and neurotic subjects, 
then on the basis of our hypothesis we 
should expect all the intercorrelations 
between these tests within the normal 
group to be positive on the average. 
We may, however, go further than this 
and add another specification which also 


follows directly from our hypothesis. 
This specification takes into account, 
not only the fact that our n tests dis- 
criminate between normals and neu- 
rotics, but also the additional fact that 
they do so with widely differing success. 

Deduction 2: Let us correlate each of 
our n tests with the criterion, i.e., the 
normal-neurotic dichotomy, by means 
of biserial or tetrachoric correlations; 
we thus obtain a criterion column (Cy) 
consisting of the correlations of tests 
T,, T., Ts,...T, with the criterion. 
Let us next take the table of intercor- 
relations between the n tests for the 
normal population only, and submit it 
to a process of factorization, using 
either Burt’s summation method or 
Thurstone’s centroid method. This will 
result in the reduction of the large 
original table of correlations to a small 
number of factors in terms of which 
the original correlations can be recon- 
structed.? The actual factors found are 
purely arbitrary, as their position in the 
factor space depends on the original se- 
lection of tests, conditions of univariate 
and multivariate selection of the popu- 
lation, and other considerations of a 
similar kind. Our suggestion for deriv- 
ing a unique, invariant, and psychologi- 
cally meaningful solution of the prob- 
lem posed by this fortuitous structure 
of factor positions is to rotate the first 
summation or centroid factor into a po- 
sition of maximum correlation with the 
criterion column, Cy. 

The reasoning behind this suggestion 
follows directly from the two-test exam- 
ple given earlier. If the fact that two 
tests discriminate between the criterion 
groups results in a correlation between 
the two tests, then clearly the greater 
the discrimination effected by a test, the 
higher (ceteris paribus) the correlations 


2 Only significant factors should be included 
in the analysis, of course, using one of the 
twenty or so available approximate criteria 


discussed by Vernon (13). 
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that test will show with other discrimi- 
nant tests. Similarly, the lower the dis- 
criminative ability of a test, the lower 
will be its correlations with other dis- 
criminant tests. Now a factor is the 
expression of a pattern of intercorrela- 
tions existing between a set of tests; if 
a pattern of intercorrelations such as 
the one posited here exists in the matrix 
which is being analyzed, then it should 
be possible to arrive at a corresponding 
factor by suitable rotation of the arbi- 
trary factors which emerge from the 
original analysis. The factor which em- 
bodies, as it were, our hypothesis, is 
of such a kind that the test which best 
discriminates normals from _ neurotics 
would have the highest loadings, while 
the test which least discriminated be- 
tween normals and neurotics would 
have the lowest loadings; the other 
tests would be intermediate between 
these two extremes, having factor load- 


ings proportional to the criterion col- 


umn values. Rotation according to the 
principle of maximizing the correlation 
between factor and criterion column 
would enable us to discover to what ex- 
tent the hypothesis was borne out; in 
this sense the principle suggested en- 
ables us to use factorial methods as part 
of the general hypothetico-deductive 
procedure. 

It should be noted that if the hypoth- 
esis which is being tested is not borne 
out by the data, no amount of rotation 
would succeed in giving us any but a 
chance correlation between the criterion 
column and the rotated factors. In 
other words, the appearance of a high 
correlation between factor and criterion 
column may be interpreted as definite 
support of the correctness of the hy- 
pothesis; failure of such correlation to 
appear is proof of the incorrectness of 
the hypothesis. These statements are 
subject to a number of qualifications, 
which will be discussed below; also the 
single maximization principle outlined 


so far must be supplemented and ex- 
tended by a double maximization prin- 
ciple to which we will turn later. At 
this stage we shall first give an example 
to illustrate our method before entering 
into further theoretical discussion. 


IV. SAMPLE StupDy 


In Table 1 are given product-moment 
correlations between 16 tests which we 
had reason to believe measured the gen- 
eral factor of neuroticism hypothecated 
by us, to varying degrees of accuracy; 
the number of subjects is 64, all of 
whom were normal in the sense that 
they were not under psychiatric treat- 
ment at the moment, or had been under 
psychiatric treatment previously as far 
as could be ascertained.* Table 2 gives 
the first two factors extracted from this 
matrix by means of Burt’s “summation 
method,” grouping of tests being ob- 
tained from a preliminary application 
of Burt’s simple summation. Reflection 
of signs was carried out using an ex- 
ternal criterion, namely, the signs of 
the correlations in the criterion column 
described below. Reflection of signs 
was also determined by more usual 
methods from the matrix itself, using 
Burt’s “inspection technique,” and it 
was found that the two methods agreed 
in every case. The second factor is 
significant according to Burt’s. chi 
square method at the one per cent level 
of significance. (Residuals after the 
extraction of these two factors were in- 
significant.) Also given in Table 2 are 
the values for the criterion column, de- 
rived from 93 controls and 105 neu- 


3I am indebted to my colleagues, Drs. Him- 
melweit, Petrie, and Desai, for permission to 
re-analyze data collected by them in their 
work on neuroticism at Dartford; additional 
data regarding the natnre of the groups tested, 
and the tests employed, will be found in their 
original publication (6). I am also indebted 
to Mr. A. Jonckheere, of the Statistics Section 
of the Psychology Department, for carrying 
out the statistical work reported below. 
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rotics, by means of tetrachoric correla- 
tion coefficients. (This normal group 
of 93 includes the group of 64 on whom 
our correlations in Table 1 are based; 
the reason why not all 93 were used for 
the intercorrelations is that a number 
of incomplete scores had to be elimi- 
nated.) In Fig. 1 are plotted the posi- 
tions of the 16 tests with reference to 
the two factor axes. 

Below is given a list of the tests 
used; the scoring in each case is indi- 
cated by emphasizing the direction in 
which the normal group scores as com- 
pared with the neurotics. Thus nor- 
mals are more persistent, less suggesti- 


TABLE 2 
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Explanation of Column Heading: 


Cy = Criterion Column, 2.e., correlation of 
each test with normal-neurotic di- 
chotomy. 

F, and F, = First and second unrotated fac- 
tors from analysis of intercorrelations of 
normal group only. 

hk? = Communality. 

D = F, rotated into maximum correlation 
with criterion column 

D,; = D with vector extended to unity 

‘Dp, = 574 


p DD; = .587 


ble, more speedy, averagely persevera- 
tive, more fluent ideationally, have a 
higher personal tempo, are more flex- 
ible, have better motor control, better 
dark-adaptive powers, fewer neurotic 
symptoms on a questionnaire, and show 
less autism on level of aspiration tests. 
This attempt to present the tests from 
the uniform point of view of normality 
has forced us into certain awkward 
ways of phrasing which are difficult to 
avoid; in the case of intelligence tests 
this difficulty does not arise as the di- 
rectionality of such tests is obvious, and 
recognized in common speech. 


List of Tests 


A. Maudsley Medical Inventory—40 item 
neuroticism questionnaire. Score = 
number of questions answered “No” 
(non-neurotic). 

. Dark Adaptation—U. S. Navy Radium 
Plaque Adaptometer. Score = goodness 
of dark vision. 

. Non-Suggestibility—body-sway test. 
Ability to resist suggestion to sway 
forward. 

. Motor Control—absence of static 
ataxia; given as preliminary test to C. 

E. Goal Discrepancy Score—smaliness of 
level of aspiration scores on O’Connor 
tweezers test. 

*, Judgment Discrepancy Scores—small- 
ness of judgment discrepancies on 
O’Connor tweezers test. 

x. Index of Flexibility—number of shifts 
in aspiration scores on O’Connor tweez- 
ers test, irrespective of size or direction. 

. Manual Dexterity—best score of nine 
trials on tweezers test. 

Personal Tempo—speed of writing 2, 
3, 4, repeatedly for two trials of 15 
seconds each. 

Fluency—number of round things and 
of things to eat mentioned during 30- 
second periods. 

. Speed Test (1)—speed of tracing when 
instructed to be both quick and ac- 
curate. (Choice conditions.) 

. Speed Test (2)—speed of tracing pre- 
scribed path on track tracer under in- 
struction to be quick. 
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M. Persistence Test I—length of time dur- 
ing which leg is held in uncomfortable 
and fatiguing position. 

N. Persistence Test B—holding breath as 
long as possible, without inhaling or 
exhaling. 

. Stress Test—ability of S to recover 
previous scoring rate on pursuitmeter 
type of test after special stress period. 

. Non-Perseveration—extremes of per- 
severation (SZ test), either very high 
or very low, are scored low, while scores 
nearer the average are scored high. 


When the correlation matrix in Table 
1 is considered, it will be seen that the 
coefficients arrange themselves in such 
a way that every single column total is 
positive; * in other words, we find that 
sixteen tests which differentiate between 
normals and neurotics intercorrelate 
(when correlations are run over the 
normal range alone) almost entirely 
positively; there is not a single nega- 
tive correlation which is significant at 
the 5 per cent level in the table, while 


39 positive correlations exceed this 


level, out of 120. (22 of these are sig- 
nificant at the 1 per cent level.) This 
result may be taken as a confirmation 
of our hypothesis, as such a large num- 
ber of positive, and such a dearth of 
negative, coefficients is unlikely to have 
arisen by chance. No strict (non-para- 
metric) test of significance is possible, 
unfortunately, as the correlations are 
not strictly speaking independent of 
each other. 

It will be seen from Table 2 that the 
two factors extracted account for 30 
per cent of the variance; the contribu- 
tions being 20.3 per cent and 9.3 per 
cent respectively for the first and sec- 
ond factors. When we consider that 
the tests were chosen largely on a pri- 


4The fact that every column total is posi- 
tive would, of course, not be surprising if the 
signs had been determined by inspection of 
the matrix, but it will be remembered that 
the signs were determined independently by 
means of the criterion column. 


ori grounds, and that almost half of 
them fail to correlate even at the 7; = 
.25 level with the criterion, these fig- 
ures appear very promising. They 
would certainly be considerably higher 
if only the most discriminating eight 
tests had been used in the factor analy- 
sis; under those conditions, the percent- 
age of variance accounted for would 
have risen above the 40 per cent level. 
Such an exclusion would be perfectly 
admissible, as it would take place on 
the basis of an extrinsic criterion, not 
of one intrinsic to the factor matrix; 
we have preferred, however, to retain 
all sixteen tests in our analysis. It is 
interesting to compare these results 
with those of a factorial study of rat- 
ings carried out on 700 neurotics by 
the present writer; the contribution of 
the first two factors was markedly lower 
than in the present case (2). In view 
of the fact that inter-personal variabil- 
ity is very likely much greater in a 
neurotic group than in a normal group, 
it might be concluded from this com- 
parison that objective tests have a valid- 
ity which may already be superior to 
that of psychiatric ratings of the kind 
used. 

We now turn to the most crucial part 
of this analysis, the interpretation of 
the factors (Deduction 2). As ex- 
plained above, the first step in this 
process involves a rotation of the first 
factor extracted into maximum correla- 
tion with the criterion column.’ The 
rotation required is very small, amount- 
ing to only 5 degrees. This is under- 
standable, in the present experiment, as 
the tests were specially selected to de- 
fine one variable (neuroticism), so that 


5 More precisely, the two factor matrix was 
rotated in such a manner that the square of 
the differences between the loadings on the 
first factor and the criterion column values 
were made into a minimum. The resulting 
first factor of the new matrix was then ex- 
tended to unit length. 
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the centroid or average of their inter- 
correlations would not be likely to fall 
far from the true value. When a larger 
number of factors is involved, or when 
a process of univariate or multivariate 
selection has entered into the sampling 
of the population tested, the first cen- 
troid axis may bear no such close rela- 
tion to the rotated axis. This finding 
bears out the writer’s previously ex- 
pressed opinion that the first centroid 
factor is not necessarily lacking in in- 
variance and psychological meaning, 
but that interpretation depends in each 
case on the circumstances surrounding 
it, and that no general rules of this 
kind can be laid down. 

The correlation between the rotated 
factor and the criterion column is 
+ 0.574. This value is in the expected 
direction, and while it is not large 
enough to be considered definitive proof 
of our hy othesis, particularly in view 
of the lack of a statistical criterion re- 
garding its significance, it suggests that 
further work along these lines should 
ultimately lead us to a definite conclu- 
sion regarding the value of our hypothe- 
sis. When we take into account the fact 
that the great majority of the intercor- 
relation between the tests are positive, 
as pointed out above, and that the four 
tests which from previous large-scale 
work were known to discriminate par- 
ticularly well between normals and neu- 
rotics (C, D, M, N) have the highest 
factor saturations in this factor, then 
we may feel a certain amount of con- 
fidence in the ultimate value of the hy- 
pothesis under investigation. 

The study was not designed to test 
the hypothesis that an extravert-intro- 
vert factor would emerge in addition to 
the general neuroticism factor, there 
being no criterion column showing the 
correlations of the tests with this di- 
chotomy. (Diagnoses of the neurotics 
enabling us to calculate such a column 
were not available.) It is instructive, 


however, to note that the grouping of 
the tests on the second factor is in con- 
formity with what in previous investi- 
gations had been shown to be charac- 
teristic of the introvert-extravert (dys- 
thymic-hysteric) dichotomy. Thus in- 
troverts (dysthymics) have been shown 
to be more persistent, extraverts (hys- 
terics) to show less judgment discrep- 
ancy, and somewhat less suggestibility, 
as well as better dark-adaptation. How- 
ever, not all the tests are in agreement 
with this hypothesis, and little empha- 
sis is laid on the possible identification 
of this second factor. 

A Thurstone-type rotation into a 
positive mahifold is possible with our 
two factors, only one insignificant nega- 
tive saturation higher than — .10 being 
required.® It is our considered opinion 
that this rotation is psychologically 
meaningless, and entirely lacks the 
uniqueness of our suggested solution. 
In addition, it is irrelevant to the hy- 
pothesis which is being tested. It would 
not be permissible to conclude that 
“simple structure” solutions would in 
all circumstances show these, character- 
istics; it is for the adherents of the 
Thurstonian scheme to indicate more 
precisely when this scheme is applicable 
and when not. 


V. Discussion 


The example quoted above will have 
brought out certain problems which re- 
quire discussion. The first of these re- 
lates to the question of significance; 
how can we determine the statistical 
significance of a maximized correlation 
between factor and criterion? ‘The an- 
swer must be, at the moment, that a 
strict statistical criterion of significance 
exists here just as little as it does for 
the significance of a single factor satu- 
ration, or for the residuals on which a 
factor is based. In most cases it will 


® This rotation is indicated in the figure, 
Axes I’ and II’. 
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be quite clear whether the original hy- 
pothesis is borne out or not; however, 
the absence of a proper method of eval- 
uating significance must of course be 
regarded as a serious limitation of our 
method. It is possible, and indeed quite 
easy, to obtain empirical values which 
may serve to give an assessment of the 
chance values to be expected from max- 
imizing correlations between factors and 
arbitrary criterion columns, and while 
such determinations cannot take the 
place of proper statistical derivations, 
they may help to tide us over until the 
more rigorous methods are available. 
The second problem to be discussed 
relates to the presence of more than 
one hypothecated factor in a matrix. 
Let us assume that we had given a bat- 
tery of tests purporting to measure both 
neuroticism and extraversion-introver- 
sion to a group of normal subjects; let 
us also suppose that the same tests had 
been given to a neurotic group equally 
divided into hysterics (prototypes of 
the extravert according to our hypothe- 
sis) and dysthymics (prototypes of the 
introvert). We would then be able to 
derive two criterion columns, Cy and 
C;_z, containing respectively the corre- 
lations of each test with the dichotomy 
normal-neurotic, and with the dichotomy 
hysteric-dysthymic. We would then 
proceed to carry out a factor analysis of 
the intercorrelations of all the tests for 
the normal group, and rotate the first 
factor found into maximum correlation 
with the Cy column. The second fac- 
tor would then be rotated into maxi- 
mum correlation with the C;_g col- 
umn, giving either an orthogonal or 
an oblique angle with the first factor. 
If we insist on orthogonal relations be- 
tween factors, we might prescribe that 
the two correlations between the two 
factors and the two criterion columns 
should be maximized simultaneously, 
giving equal weight to each. If we 
admit oblique relations, we might make 


the amount of obliqueness observed a 
test of the original hypothesis that neu- 
roticism and extraversion-introversion 
are in fact unrelated. It is impossible 
to anticipate results in this matter, or in 
the even more complex problem arising 
with a larger number of criterion col- 
umns; one’s decision will be determined 
by one’s purpose, as well as by the ex- 
act nature of the data. 

The two problems dealt with so far 
are problems of detail; the third one 
to be discussed now is one of principle, 
and of much greater importance. Let 
us assume that we have selected our 
neurotic population in such a way that 
it contains equal numbers of hysterics 
and dysthymics. Another experimenter 
might object that obsessional states 
ought to be included in the typical neu- 
rotic group, while yet another might 
wish to include psychopaths. It must 
be clear that if the inclusion of different 
syndromes is based entirely on the 
whim of the experimenter, we are still 
far removed from the essential objec- 
tivity of a proper scientific procedure. 
It is here that we may make use of the 
double maximizing principle. Stated 
briefly this principle demands that any 
addition to the main criterion group be 
permitted only if it increases, or leaves 
unaltered, the correlation between fac- 
tor and C column. For example, if it 
were found that including a number of 
obsessionals in the criterion group sig- 
nificantly raised the correlation between 
the neuroticism factor and the Cy col- 
umn, then we would have objective evi- 
dence that obsessional disorders be- 
longed functionally with the hysteric 
and dysthymic disorders which made 
up the original criterion group. If 
psychopaths, when added similarly to 
the hysteric-dysthymic criterion group, 
failed to produce a higher correlation 
between the neuroticism factor and Cy, 
or even to maintain the existing corre- 
lation, then we would have proof that 
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psychopathy did not belong function- 
ally with the original criterion group. 
This double maximizing principle, 
which is of course widely used in the 
physical sciences, should enable us to 
purify the criterion while still follow- 
ing the dictates of the hypothetico- 
deductive method. The hypothesis that 
a given clinical syndrome was a neuro- 
sis gives rise to the deduction that the 
addition of persons suffering from this 
particular syndrome to the existing 
(imperfect) criterion would raise the 
correlation between the criterion and 
the factor; this deduction is capable 
of being submitted to a crucial test 
along the lines discussed above. In 
this way we should be able, starting 
from a correlation between factor and 
criterion as low as the one observed in 
our experiment (r = .574), to improve 
our criterion successively through the 
addition of new groups until a substan- 
tially higher value was reached. This 
method is not open to objections on the 
score of subjectivism, and is an impor- 
tant and indeed indispensable corollary 
to our main principle of criterion analy- 
sis; clearly criterion analysis stands and 
falls with the adequacy of the criterion. 
It may be asked whether the maxi- 
mized correlation could and should 
reach the value of unity when assump- 
tions are made about a perfect criterion 
and very large numbers of subjects and 
tests. It is here that we encounter our 
fourth problem. The correlation should 
reach the value of unity if all the tests 
used had a threshold below, and a ceil- 
ing above, the performance of the least 
and the most neurotic person respec- 
tively in the combined populations (as- 
suming for the moment that we are 
dealing with the trait of neuroticism). 
If we take as an example the body-sway 
test of neuroticism, which has been 
shown to be highly discriminative in 
comparing normal and neurotic groups 
(2), we can see from published reports 


that its threshold is well above the level 
of the least neurotic person in a com- 
bined group, while its ceiling is well be- 
low the level of the most neurotic (5). 
In other words, this test measures only 
over part of the range. Expressed in 
purely hypothetical units, we might find 
that if degree of neuroticism is ex- 
pressed in terms of the numbers from 1 
to 100, suggestibility tests might only 
be effective measuring devices in the re- 
gion from 50 to 90, all subjects below 
50 falling at or below the threshold of 
the test, and thus scoring the same 
mark, and all subjects above 90 falling 
above the ceiling, also all scoring the 
same mark. If, now, the dividing line 
between our normal and our neurotic 
population happened to be drawn at 
the 50 mark, it would follow that the 
discrimination value of this test would 
be extremely high, but its correlation 
with the other tests for the normal group 
alone would be rather low, as its vari- 
ance would be extremely small and en- 
tirely due to error. While this ex- 
ample is of course exaggerated, it does 
indicate a very real difficulty, and cer- 
tainly the regressions of each test used 
on neuroticism should be examined very 
carefully for linearity in order to safe- 
guard against misinterpretation. There 
is little doubt in the writer’s mind that 
in part at least the observed correla- 
tion’s falling short of unity is due to the 
fact that many of the tests used have 
thresholds and ceilings which fall within 
the range of neuroticism measured. 
The fifth and last problem to be dis- 
cussed briefly will be the question of 
extending the principle of criterion anal- 
ysis to slightly different types of investi- 
gation. As an example, let us take the 
question of the inheritance of “neuroti- 
cism.” Along the orthodox lines one 
method of assessing the influence of 
hereditary factors would be the admin- 
istration of a battery of neuroticism 
tests to monozygotic and dyzygotic 
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twins, and a determination of the inter- 
twin correlations within the two groups. 
These correlations would either be cal- 
culated for each test separately, or for 
some form of summed score. It is sug- 
gested that this traditional method does 
not enable us to extract all the valuable 
information inherent in the data, and 
that the use of a modified form of cri- 
terion analysis, with particular reference 
to the hypothetico-deductive method of 
reasoning, would give us additional in- 
formation. 

In brief, the hypothesis set up would 
be of the form: A general factor of “neu- 
roticism” exists within the population 
tested, and is inherited as a multifac- 
torial unit; in other words, “neuroti- 
cism” is not a statistical artifact, or an 
arbitrary “principle of classification,” 
but a biological reality. Our methed of 
proof would rest on the maximization of 
the correlation between the first factor 
extracted from the intercorrelations be- 
tween the tests for our subjects, with a 
criterion column made up of values in- 
dicating the apparent influence of he- 
redity on each test separately. Thus if 
Test 1 showed inter-twin correlations 
of .5 and .9 for dyzygotic and mono- 
zygotic twins respectively, while Test 2 
showed correlations of .6 and .8, the 
values entered in the criterion column 
would be .56 (= .9*—.5*) and .28 

= .8* — .6*). To express this method 
of proof in other words, the higher the 
saturation of a test with the factor un- 
der investigation, the higher (ceteris 
paribus) should be the relative influ- 
ence of heredity on this test, provided 
the original hypothesis is correct. Thus 
again the correlation between factor and 
criterion column would serve as a cru- 
cial test of the hypothesis. 

Many other uses of the principles sug- 
gested will be apparent, and there ap- 
pears little use in discussing them in 
detail. While in this paper we have 
dealt exclusively with problems in the 


field of temperament, there is no rea- 
son why criterion analysis should be 
restricted in this way. The method has 
already been applied to problems in the 
field of social attitude measurement (4), 
and it seems likely that it might be 
used with advantage in the field of cog- 
nitive testing also. Thus, to mention 
but one example, the hypothesis that 
certain types of brain injuries, or cer- 
tain types of therapy (E.C.T.), or cer- 
tain types of disorder (Korsakoff’s syn- 
drome) lead te memory defects could 
be tested by matching patients falling 
into one of these groups with a control 
group equated for intelligence; testing 
both groups with a battery of memory 
tests of the kind developed by Ingham 
(8), and shown to define a factor addi- 
tional to “g”; developing a criterion col- 
umn in terms of the differences on these 
tests between controls and patients; in- 
tercorrelating the tests within the nor- 
mal population; and rotating the first 
factor extracted into maximum conform- 
ity with the criterion column. Again, 
failure to find an acceptably high cor- 
relation would disprove the hypothesis; 
success in finding such a correlation 
would support it. Also it should be 
possible to compare the three criterion 
columns derived from three different 
experimental groups (brain injuries, 
E.C.T., Korsakoff patients), in order to 
show whether the “memory” defect 
shown in these cases could be consid- 
ered to cover the same mental function. 
One virtue of such a triple comparison 
would be that only one control group 
would be needed. 


VI. SUMMARY AND CONCLUSIONS 


The writer has tried to show in this 
paper that orthodox methods of fac- 
torial analysis are inadequate for gen- 
uinely scientific research because they 
reject the hypothetico-deductive method 
which is fundamental to all scientific 
work. The method of criterion analysis 
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has been developed in an attempt to 
imbricate factorial analysis and the hy- 
pothetico-deductive method, and an 
example is given of the use of this new 
method in relation to the heuristic hy- 
pothesis outlined in the writer’s book 
on Dimensions of Personality (2). Cer- 
tain problems raised by the use of cri- 
terion analysis are discussed, and sug- 
gestions are made regarding the use of 
this method in a variety of circum- 
stances. It is not claimed that criterion 
analysis would be a method useful for 
all types of problems, but it is main- 
tained that for those taxonomic pur- 
poses which constitute the primary jus- 
tification of factorial methods criterion 
analysis provides a scientifically accep- 
table and worth-while tool. 
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A NOTE ON “CRITERION ANALYSIS” 


BY A. LUBIN 


Psychology Department, Institute of Psychiatry, 
University of London 


The purpose of this note is to: 

1) Outline the algebraic procedure 
followed by Dr. Eysenck in his cri- 
terion analysis. 

2) Point out the necessity of cor- 
recting for univariate selection on the 
criterion. 

3) Discuss the interpretation of the 
vector that rotates the factor matrix 
to the criterion column. 

4) Prove that criterion analysis will 
be completely successful when all of 
the criterion variance that can be pre- 
dicted from the tests is a function of 
the common factor scores of the test 
battery. 


I. NOTATION 


Let ;X be the g by » matrix of the 
standardized scores for all the m; indi- 
viduals of the jth group on the g tests. 

;R will be the g by q intercorrelation 
matrix based on the ; individuals 
(;R = ;X;X'). j can take only the 
values 1 or 2, since only two groups 
are considered. 

s is the general subscript for a test 
and can take values 1---v---qg. syre- 
fers to the column vector of criterion 
scores for the m; individuals. This is 
a set of theoretical rather than ob- 
served scores. jo, refers to the stand- 
ard deviation of test s based on the n; 
individuals. 

joy refers to the standard deviation 
of the criterion based on the n; indi- 
viduals. r., refers to the correlation 
of test s with the criterion y based on 
n; individuals. jr, is the column vec- 
tor of correlation of the g test with the 
criterion based on the m; individuals. 

jR = ;R. + ;R. where ;R, is the g 
by g matrix of intercorrelations due to 


the common factors and ;R, is the q 
by g matrix due to the unique factors. 
These matrices are based on the n; 
individuals. 

iR. = (;F.)(;F-’) where ;F. is the g 
by m common factor matrix based on 
n; individuals. 

jRu = (;Fu)(;Fu') where ;F, is the g 
by m matrix of unique factors based 
on ; individuals. 

Throughout this note it will be neces- 
sary to distinguish between statistics 
calculated within the jth group, based 
on the n; individuals; and statistics 
calculated on the two groups pooled 
together based on the NV = (N, + N2) 
individuals. 

Statistics based on WN individuals 
will mot have the subscript 7 preceding 
them. Thus R refers to the g by q 
matrix of intercorrelations based on N 
individuals, and R = XX’. 

o, is the standard deviation of the 
theoretical criterion scores based on 
all N individuals. r, is the column 
vector of the correlation of all the g 
tests with the criterion y based on all 
N individuals. And so on. 

We shall define other statistics 
whenever necessary. 


Il. THe PROCEDURE OF ‘“‘CRITERION 
ANALYSIS” 


Dr. Eysenck’s computational pro- 
cedure is as follows: 

1) Estimate ,R, from ;R by the 
usual estimations of communalities 
and factor ;R, into ;F.(;F.)’. 

2) Find an m by 1 rotation vector 
t such that [(;F.)t] will have the 
highest correlation possible with ry. 

Step one can be accomplished by 





A Norte on “CRITERION ANALYSIS” 55 


any of the usual factor analysis pro- 
cedures. Step two raises the question 
of how to estimate ¢t. If we define a 
new m by gq matrix 


iWe= C(;Fe’)(;Fe) TF’, (1) 


then 2) ;Wr, =¢ is the best (least- 
square) estimate such that (;F.)t = ry. 
Estimating ¢ is formally equivalent to 
Cattell’s problem of rotating toa “‘pro- 
portional profile.’”” Ledyard Tucker 
(4) has used what we have designated 
as the W matrix for a semianalytical 
solution for simple structure. In 
Tucker’s notation, our m by gq W ma- 
trix becomes P-'F’. Our m rowed 
vector, t, would correspond to one 
column of his Z matrix. We shall 


show later on in section-IV that the ¢ 
vector can be thought of as represent- 


[roy 


— feyfvy(1 — jo) | 


the effect of univariate selection on a 
correlation, based on assumptions of 
linear regression and homoscedas- 
ticity. In our notation, 


fey = (jy) (Tey) 


X[e, — Tay?(joy?) Ft. (3) 


Thus the new validity (;7.,) within 
the jth group will be a function of the 
criterion standard deviation within 
the jth group (j;0,) and the validity 
(rzy) and criterion standard deviation 
(cy) of the N individuals. 

The correlation between any two 
variables s and v within the jth group 
could also be calculated. 

If we wish to transform r, into jy 
then all we need do is calculate the 
diagonal matrix ;P whose gq diagonal 








(4) 





jou = 


ing the correlations of the criterion 
with the m common factors. 


Ill. THe Errect oF UNIVARIATE 
SELECTION 


It will be noted that in Dr. Eysenck’s 
procedure the correlation matrix is 
based on the n; subjects of the jth 
group. But the validities r, are 
based on all N subjects for both 
groups. In fact the validities are com- 
puted using membership in the two 
groups as a dichotomous score. Now 
if the criterion is really a continuous 
variable, and the two groups represent 
different values of that continuous 
variable, then using only the members 
of the jth group for the calculation of 
;R is equivalent to univariate selection 
on the combined group. From this 
fact it can be shown that the validities 
jry based on the m; members of the 
jth group will not in general be the 
same as the r, based on N individuals. 

Thomson (3) quotes a formula for 


Vo, sacs rey (oy? — 0,*) Vo,? 


— fy(oy? — joy") 
elements are [¢,? — r.,2(jo,*) }-? and 
perform the multiplication 


ity = (P)(ry) (ey). (5) 


In equation (5) P is a gq by g di- 
agonal matrix, ry is a g by 1 vector, 
and jo, isascalar. It is obvious that 
jr, will not be proportional to r, unless 
the diagonal elements of ;P are all 
equal. The diagonal elements of P 
will be equal if and only if every 
validity is equal, 2.e., if 


Tiy = lay =*°* Vey = Toy = °°? Lay. 


Since in the general case the validity 
of the g tests will be different, 7, will 
not be identical with r,. To be con- 
sistent with the fact that the inter- 
correlation matrix ;R is based on n; 
individuals, it would seem that sy 
should be substituted for ry in Dr. 
Eysenck’s procedure for criterion 
analysis. 

It will be recalled that we have no 
observed criterion scores within the 
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jth group. We cannot compute the 
validities ,,, in the same way that ;R 
was computed, by using actual scores. 
Instead the univariate selection for- 
mula (3) must be used to solve for jey. 
A glance at equation (3) shows that 
all the independent variates are known 
except one, jo,, the standard deviation 
of the criterion scores within the jth 
group. But since the theoretical cri- 
terion scores of each of the "j members 
are unknown, we must use the uni- 
variate selection formula (4) for jr.» to 
estimate jc, In equation (4) for 
ff, only jo, is unknown. It should 
be possible, though rather cumber- 
some, to use the known value of js 
to solve for jo, and then substitute 
this estimate of ;c, into the formula 
for jy. 


lV. THe MEANING OF THE 
ROTATION VECTOR ‘‘?’’ 


Let us assume that having per- 
formed a factor analysis of the g tests 
in the jth group, we wished to obtain 
the factor loadings of the criterion y 
on the m common factors. Let us 
further assume that we do not wish to 
introduce any new communality due 
to the correlation of the unique por- 
tions of the g tests with the criterion 
variable. P. S. Dwyer (1) and C. I. 
Mosier (2) have published the solution 
to this problem. Their solution for 
the vector representing the factor 
loadings of y on the m common factors 
is algebraically identical with the solu- 
tion for ¢ that we have presented in 
this note. 


t= (;F ej Fo) 1; F (sy) - jW(sr,). (6) 


Theorem I 


The rotation vector ¢ will be equal 
to the correlation of the criterion y 
with the m factors when the correla- 
tions of the unique portions of the g 
tests with the criterion are zero. 


Proof: Let ;P. represent the m by n; 
matrix of standardized common factor 
scores such that 


iXe _ (;F.) (;P.). 


Let ;P. represent the g by n; of 
standardized unique scores such that 


iX = (;Fu) GPx), 
where 


ix aa jXe + jXn 
= iF A;P) + iF.(;P x). 


Postmultiplying the g by n; matrix 
of standard scores ;X by a column 
vector, ;y, representing the m; stand- 
ardized criterion scores, we obtain 


(4X) (59) = ary = GF) (GP) Gy) 
+ 5FuljPu)(iy). (7) 


But if the correlations of the unique 
portions of the qg tests with the cri- 
terion are zero, then 


GPu)Gy) = 0, (8) 


and 
re (;F.)(jPe) (sy). (9) 


By equation (6) premultiplication of 
jry by ;W will give us ¢. We obtain 


CsFe'(jFe) JF (sry) 
=f{= (;P.) (5). 


Therefore it has been shown that 
when the correlations of the unique 
portions of the qg tests with the cri- 
terion are zero, the rotation vector ¢ 
equals the correlations of the criterion 
y with the m common factor scores. 

Corollary to Theorem I: When there 
is no unique variance in any of the g 
tests, the rotation vector ¢ is equal to 
the correlation of the criterion y with 
the m common factors. 

Proof: Given: ;F,, = 0. Substituting 
zero for ;F,, in equation (7) we obtain 
equation (9). Premultiplying by W to 
get ¢, equation (10) is again obtained. 
Therefore, when the unique variance 
vanishes, ¢ is equal to the correlation 


(10) 
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of the criterion with the common 
factors. 

It will be noted that from equation 
(9) we can state that 


Fe = (;F.) (¢Pc) (iy) - (;Fe)t. (11) 


This is a statement of algebraic 
identity. It is mot a question of esti- 
mating ,r, from (;F.)t. This result 
can be stated in a form which makes 
use of Theorem I and its corollary. 


Theorem II 


When the correlations of the unique 
portions of all tests with the criterion 
are zero (including the case when all 
unique variances vanish), then cri- 
terion analysis will be completely suc- 
cessful, z.e., a vector ¢ can be found 
such that (;F,)t is exactly equal to jy. 
When ;F is a g by g matrix, then it is 
always possible to reproduce ;R ex- 
actly. From this it can be shown 
that (;F)t and jy, are always alge- 
braically equivalent. 


Theorem III 


When the g by g factor matrix (;F) 
is obtained such that ;R is exactly 
equal to (;F)(;F’), then ¢ is identical to 
the correlations of the criterion with 
the g factors and criterion analysis 
will be completely successful. 

Proof: ;R is the q by q correlation 
matrix. Itis given that ;R = ;F(;F’). 
The formula for the matrix of ¢g by n; 
standardized scores can be written in 
terms of ;F and the g by n; matrix of 
standardized factor scores,*;P. 


jX = ;F(;P). (12) 


Postmultiplying ;X by the set of n; 
criterion scores ;y, we find that 


X, = ity = jFGP)(y). 


(13) 


Premultiplying jr, by W to get ¢ we 
find that ¢ is equal to the correlation 
of each of the g factor scores with the 
criterion ¢ = (;P)(;y). Therefore it 
follows that when ,F is a factor matrix 
which reproduces R exactly, a ¢ can 
be found such that jr, is exactly equal 
to (;F)t. It should be noted that this 
is always possible since ;F can be a 
matrix with as many factors as tests. 


SUMMARY 


1. It has been shown that r, (based 
on N individuals) will in general differ 
from ,ry (based on m; individuals). 

2. It has been shown that sy, and 
(;F.)t will be algebraically identical 
when: 


(a) there are no unique factors 
(jFu = 0); 
(b) the correlation of the unique 
scores with the criterion is zero, 
(Puli) = 0]; 
(c) when ;F, is a matrix such that 
;R is reproduced exactly, 
GR = ;F;F’). 


This last condition can always be met 
by using as many factors as there are 


tests. 
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INTRODUCTION 


Psychology has had more propensity 
than most disciplines to react to con- 
cepts as if they were good or bad. 
Today, for example, it is good to be 
dynamic, functional, operational, field- 
theoretical and molar; it is bad to be 
static, structuralistic, non-operational, 
atomistic and molecular. The good 


terms seem to produce a feeling of ex- 
pansiveness, while the bad ones may be 


symbolized by a cramped feeling in the 
face of a confusing multiplicity. Since 
one can hardly deny the scientist his 
status as a personality, we may expect 
the affective components of theory to 
be with us always. Indeed, some have 
said that new theories are but a leap 
from one set of affects to another. But 
it is also true that the constant recon- 
sideration of affectively charged words 
is a major technique of scientific ad- 
vance. 

We propose to consider two of the 
above terms’ because they represent a 
rallying point for certain recurrent ar- 
guments in systematic psychology. The 
terms are molar and molecular. We will 
attempt to show that the central role 
they have achieved in psychology has 
been magnified and distorted by the 
various ways they have been inter- 
preted. Before reviewing these differ- 


1 Throughout the paper, term, concept and 
construct will be used interchangeably. Our 
inquiry does not require a more specialized 
use. 


ent usages, a brief glance at their his- 
torical setting may prove useful. 

A major emphasis in recent method- 
ology is that theories are contingent and 
that scientific description may take 
many forms. This view of theories as 
alternative rather than necessarily con- 
tradictory proposals implies that they 
may be differentiated in terms of the 
units of description they employ. By 
using these units as criteria of com- 
municability between theories many 
conflicts have been resolved. Explicit 
recognition of this approach appeared 
most clearly in psychology with the 
publication of Tolman’s Purposive Be- 
havior in Animals and Men (15). The 
reader need hardly be reminded of the 
eagerness with which the terms molar 
and molecular were then adopted. They 
quickly entered the substance of most 
psychological theory and only one ma- 
jor protest was heard. Koffka (10) 
objected to the generosity with which 
Tolman located the molecular in a sys- 
tematic hierarchy. For Tolman every 
level of the hierarchy is equally legiti- 
mate, so that, in a sense, molecular and 
molar are equally important. For 
Koffka, on the other hand, the levels 
have a relationship of priority so that 
the molar is more general and basic. 

The general favor with which the 
distinction was met is quite understand- 
able. Up to that time much research 
in the applied areas of education, social 
psychology and personality—not to 
mention other disciplines such as soci- 
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ology or anthropology—had been char- 
acterized by a certain amount of guilt 
and defensiveness. Nowhere could one 
point to the physiological basis of this 
research, to the real stuff of behavior, 
as it were. As the applied psycholo- 
gists hastened to point out, however, 
consistent and discriminating variables 
were being isolated and defined. While 
most of the research in learning at this 
time also lacked organic substantigtion, 
guilt-feelings were avoided by virtue of 
an historic orthodoxy and a readiness 
for neurological speculation. This lack 
of sureness with respect to the necessity 
for physiological explanations had led 
to a sharp conflict between two frames 
of reference, the biological and the psy- 
chological. Tolman’s efforts to resolve 
this conflict represented a convergence 
of many trends: Gestalt psychology; 
‘comparative psychology in the persons 
of Hobhouse, Thorndike, Washburn 
and Yerkes; the behaviorisms of Wat- 


son, A. P. Weiss and Kantor; social 
psychology and personality study in the 
related views of McDougall and Freud; 
and the philosophy of Holt, James and 


other pragmatists. In a sense Tolman 
was the final step in establishing the 
legitimacy of the psychological ap- 
proach. The unrespectability of much 
earlier work could be seen, in the light 
of Tolman’s analysis, to have arisen 
from a disparity between great subtlety 
with respect to psychological phenom- 
ena and a lack of sophistication with 
respect to operational or investigatory 
procedures. Accepting the psychologi- 
cal framework of these non-biological 
theorists,” Tolman insisted that such a 


2We are aware that many of the people 
we have labeled psychologically oriented, e.g., 
Freud, McDougall, Washburn, were highly 
trained in the biological sciences, and that 
they were at all times cognizant of the “ani- 
mal” nature of their subjects. What we are 
emphasizing is that their data and much of 
their theory were purely behavioral. While 
all expressed belief in the “dependency” of 


framework be related to data in a clear- 
cut, communicable fashion. 

Another way of looking at Tolman’s 
contribution is to say that he united 
certain features of positivism and emer- 
gentism. The emergentist stressed that 
organic matter has different levels of 
functioning which emerge out of the 
organization of phenomena, and that 
these mew levels are real and require 
their own descriptive devices. Tolman, 
on the other hand, stressed the descrip- 
tive aspect of the problem, observing 
that in addition to the physiological 
descriptions of organic life, there were 
possible other descriptions which ap- 
peared to be at least as fruitful. Phrased 
in this way the distinction between lev- 
els of functioning becomes neither meta- 
physical nor existential but methodolog- 
ical. Tolman’s approach, then, was to 
find out what questions could be made 
systematically meaningful within a 
purely psychological framework. He 
argued that a scientific theory has mean- 
ing in so far as it is based upon a set 
of observable events, and that such 
meanings are a function of the way 
these events are described—regardless 
of the kind of event investigated. One 
way of looking at events, he further 
suggested, is in terms of whether they 
can be described as part or total func- 
tions. These functions were termed 
molecular and molar, respectively. The 
distinction provided a rationale for sep- 
arating physiology from psychology by 
labeling physiology as a part process. 
But Tolman was not too exact in speci- 
fying what he meant by part or whole 
functions and, consequently, the mean- 


mind on body, they did not feel guilty about 
discussing mind; the belief in this dependency 
gave them permission to emphasize one side 
of what was for them an equation. Those 
psychologists who could not calmly accept 
this equation, and wished to retain the psy- 
chological point of view, were the ones who 
found themselves in the anxious state we 
have described. 
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ing of molar and molecular was left 
somewhat indefinite and a variety of 
interpretations arose. It is to these in- 
terpretations that we now turn. 

We list below seven different mean- 
ings which we have arbitrarily named. 
The first three are propositional; that 
is, they are explicit definitions of the 
terms. The remainder are implicit; 
they have not been formally defined, 
and operate as programmatic, affective 
usages in psychological thinking. The 
reader will note that authors who find 
the terms molar and molecular useful 
do not usually specify which of these 
many meanings is meant. Indeed, most 
frequently, they intend several of them 
simultaneously. Univocality is the ex- 
ception. 

MEANINGS 

1. Interaction. Molar has been used 
to refer to experiments or observational 
series employing many variables, treat- 
ing them in interaction with each other. 
The analysis of variance design would 
seem to be molar in character. Con- 
trariwise, the classical experiment of 
one independent, and one dependent, 
variable in isolation from all others, 
would appear to be molecular. This 
type of analysis implies a continuum 
of molarity-molecularity. Thus the ¢ 
statistic used to evaluate the classical 
type of experiment is but a special case 
of the F statistic. However, writers 
who identify molarity with interaction 
usually mean something other than this 
statistical tying together of independ- 
ent entities. They emphasize rather 
the interdependent nature of the very 
definitions of these variables, and the 
necessity of describing events as a ma- 
trix of factors. Thus Brunswik, in his 
Outline of History of Psychology (3), 
distinguishes between molecular and 
molar as a difference between an ap- 
proach which is inadequate, fragmen- 
tary, over-simplifying, bit-by-bit, atom- 
istic, and microscopic, losing sight of the 


whole, as contrasted with an approach 
which is adequate, encompasses the es- 
sentials of macroscopic, uses dynamic 
units (“e.g., of the personality as a 
whole, of behavior-patterns”), and 
properly considers coherence and the 
role and interaction of parts within a 
context. Brunswik’s contrast overlaps 
some of our later meanings, but his 
emphasis is on isolated variables vs. 
comprehensive, interacting variables. 
2. Action-units. This meaning has 
become increasingly prominent. A rel- 
atively long-time unit is molar, a short- 
time unit is molecular. The molar unit 
of description is a behavior episode 
bounded in time by initiation of be- 
havior by a need, and cessation of be- 
havior by achievement of a goal (Muen- 
zinger, 13). It is not time-length per 
se that is emphasized, but rather the 
meaningfulness of behavioral descrip- 
tion in terms of some functional unit. 
Thus Krech and Crutchfield say, 


“In the absence of molar units, the descrip- 
tion of behavior can be little more than an 
enumeration of unsystematized bits and 
pieces of momentary, limited, and unre- 
lated responses. Viewed wholly, in the 
context of needs and goals, on the other 
hand, the behavior of the individual can 
be seen as meaningfully organized. The 
unity implied in the molar description is 
not something arbitrarily imposed by the 
psychologist in viewing the individual as 
he behaves; the individual is a dynamic 
unity, a whole person, and it is as such that 
he takes part in social phenomena” (11, p. 
Sn}. 


It may be noted that this passage re- 
flects Gestalt philosophy as to the na- 
ture of the world: molar units are nec- 
essary because people are molar. The 
world is organized in molar fashion, and 
the molecular-molar argument is one of 
content as well as methodology. But 
not all advocates of such long-time 
units have tied their conception of be- 
havior to the Gestalt uotion of an ar- 
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ticulated universe, as have Krech and 
Crutchfield. Muenzinger advocates 
these start-end units as the only way 
of breaking into and handling the fluid, 
Jamesian stream of events. 

3. Levels. Psychology is molar, 
physiology and neurology are molecu- 
lar. A response is molar, a group of 
muscle twitches is molecular. Hull (8) 
explicitly distinguishes between molar 
and molecular in this way, and we have 
mentioned Tolman’s equation of physi- 
ology with part processes. But in the 
two previous definitions of molar and 
molecular the physiologist also can be 
molar. A study of endocrine balance 
may have many interacting variables, 
and use long-time units. It seems, then, 
that it is not physiology that is molecu- 
lar, but rather physiological explana- 
tions of psychological phenomena. Such 
explanations are obviously reduction- 
istic. The question then becomes, “Is 
reductionism necessarily molecular?” 


As judged by some of the above criteria 
of molarity, a glance at classic physio- 
logical explanations of behavior would 
seem to answer this question positively. 
The physiological variables used in the 
past to account for behavior have in the 
main been simple and momentary— 


neural bonds, reflexes, twitches, etc. 
But it would be inapplicable to call 
isomorphism or Lashley’s (12) network 
theory of brain function molecular; and 
the future may witness molar attempts 
at physiological explanation of be- 
havioral phenomena. The theories of 
Rashevsky (14) and Wiener (17) are 
illustrative of this possibility. 

4. Construction. The genotypic is 
considered to be more molar than the 
phenotypic or peripheral because it is 
assumed to possess a greater degree of 
generality and explanatory power. This 
usage involves construction of a set of 
abstract intervening variables consid- 
erably removed from peripheral data 
and presumably accounting for them. 


A high degree of abstraction is of course 
possible in dealing with surface varia- 
bles alone, if by abstraction is meant 
a rational generalization, verbal or 
mathematical, which does not merely 
duplicate or summarize data. But all 
generalizations are not necessarily mo- 
lar in the present sense. Hecht’s (6) 
work, and much of Hull’s may serve 
as illustrations of phenotypic, non- 
molar generalizations though in other 
respects Hull functions as a molar the- 
orist (e.g., the concept of SHR); when 
contrasted with the “central layer’ ab- 
stractions represented by, say, a Thur- 
stone factor, many of the variables of 
Hecht and Hull would be classified as 
molecular. In contrast with our first 
tree meanings, the present one is usu- 
ally an informal coupling rather than 
a formal definition, for one does not 
find explicit equation of molar and 
genotypic in the literature. 

5. Phenomenal. This usage is in 
marked contrast with the previous one, 
for the phenomenal criterion equates 
molarity with treatment of data as 
given. The emphasis is upon the ap- 
pearance of the variables and the proc- 
ess by which they are observed. The 
phenomenal or untutored is molar while 
the derived or analytic is molecular. 
Katz’s (9) phenomenological varieties 
of color may be contrasted with the 
structuralists’ description of color sensa- 
tions. 

Lifelike in contrast with artificial is 
a characteristic often associated with 
this sense of molar. 

Indeed, in this as in our next us- 
ages, there is stress on the need for 
reproducing, by means of scientific 
procedures, the richness of organismic 
functioning. There is discontent rep- 
resented by Goldstein (5) and by All- 
port (1) with the partialling of life by 
classical science. The present authors 
believe that this motivation has been 
important in generating the first three, 
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more formal definitions. The histori- 
cal background of the concept of mo- 
larity, discussed above, may be viewed 
as an unfolding of this aeed for real- 
ness. The same motivation plays a part 
in the construction usage: intervening 
variables are often used as a bridging 
device for a ready return to lifelike 
phenomena. There is a great differ- 
ence, of course, between equating mo- 
larity with phenomenal data and equat- 
ing it with intervening constructs to 
handle data; yet the motivations of 
such diverse approaches seem to have 
a common core. 

6. Urgency. Here molarity-molecu- 
larity has shifted completely from a 
level of methodological relationships to 
one of value decisions. If the psychol- 
ogist’s description is believed to be ap- 
plicable to problems considered sig- 
nificant by society, then it is molar. 

Classification according to this cate- 
gory is dependent on belief as to what 
is important in pure and applied psy- 
chology. In so far as psychologists 
disagree on the relative importance of 
specific psychological problems, various 
approaches will be differently classified 
as molar or molecular. The distinction 
arose at a time when general psychol- 
ogy was returning to the task of in- 
corporating purposeful behavior into its 
framework. Present-day concerns with 
social and clinical problems have re- 
affirmed the need for such an endeavor.’ 

7. Holism. The more consideration 


’ The category of urgency brings into focus 
a paradox. While many of Tolman’s prin- 
ciples, usually considered more molar than 
Hull’s, are believed to be applicable to prob- 
lems of human learning, the latter’s have so 
far found a wider application; for example, 
in the social-psychological. and personality 
studies of Miller, Dollard, Kluckhohn or Mas- 
serman. We are not attempting, however, to 
evaluate the extent to which Hull’s principles 
have succeeded as explanatory concepts in 
dealing with social and clinical problems. 
Rather, we are merely noting a current his- 
torical event. 


there is of the organism as a whole or 
the unity of the organism; the more 
molar is the approach. Explicit de- 
scription of a part of the organism is 
molecular. Though this criterion seems 
to stem from Tolman’s original contrast 
of part and whole processes in learn- 
ing, the distinction has frequently be- 
come purely verbal and has been based 
on the degree of lip-service to whole- 
ness and unity. Indeed, holism as a 
philosophy antedates Tolman, and 
many present-day holist philosophers 
have merely borrowed the term molar 
from him. 
DISCUSSION 


We shall consider first the interrela- 
tionship of the meanings, and then the 
contemporary significance of the molar- 
molecular distinction. 


1. Certain problems arise when we 
attempt to interrelate our seven mean- 
ings. One may first examine the ques- 
tion of concurrent use of several mean- 
ings. Another passage from Krech and 
Crutchfield will illustrate the not un- 
usual * simultaneity of meanings to be 
found in the literature: 


“PROPOSITION I 

“The proper unit of motivational analy- 
sis is molar behavior, which involves needs 
and goals. 

“Of first importance in our analysis is 
the decision as to the units of behavior to 
be employed. Shall we be concerned with 
mere simple, segmental activities such as 
muscle twitches, movements of the limbs, 
swallowing, sweating, swearing, and the 
like, or shall we be concerned with total 
behavior acts, such as getting married, vot- 


4A number of other authors could have 
been used as illustrations here, for example, 
Barker, Wright and Gonick’s (2) treatment 
of molarity. We have selected passages from 
Krech and Crutchfield because they have 
verbalized so clearly the significance which 
molarity has for them. The clarity of their 
presentation makes it possible to tease out 
many implications of the problem previously 
operating on an implicit basis. 
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ing for a political candidate, participating 
in a lynching? The former is a ‘molecular’ 
unit, and the latter a ‘molar’ unit.” 


“The distinguishing features of molar 
behavior are (1) that it includes all the be- 
havior of the individual occurring at the 
same time (his needs, emotions, thoughts, 
perceptions, actions, etc.) and (2) that it 
consists of relatively discrete, unified epi- 
sodes with a beginning and an end... . 
The beginning of Mr. Arbuthnot’s lunch- 
time molar behavior is the onset of feel- 
ings of hunger; the end of the episode 
comes with the completion of eating and 
the feelings of satiety” (11, pp. 30-31). 


In the above quotation, molar seems 
to mean action units, urgency, a great 
number of simultaneous variables (pre- 
sumably interacting), and holism (“all 
the behavior of the individual’). Im- 


plicit in such a quotation is the assump- 
tion that these four meanings, by an 
inner logic, are interdependent, stand- 
ing or falling together. 


The question 
is not whether these particular mean- 
ings are in actuality necessarily incon- 
sistent but whether, as a general rule, 
the construction of a proposition con- 
taining many dimensions of meaning is 
an advisable procedure. The danger is 
that if one component of the proposi- 
tion is negated the entire complex may 
fall. 

Associated with lack of independence 
in the usage of molar-molecular is a lack 
of clarity with regard to some basic as- 
sumptions: Does molar refer to the size 
or the qualitative nature of events? Is 
molarity methodological, referring to a 
way of describing, or existential, refer- 
ring to some thing described? Are its 
referents internal to psychology, or are 
they external and _inter-systematic? 
These problems contribute to much of 
the confusion found in the literature. 
They highlight the difficulties brought 
about by multiple meaning. We shall 
discuss them one at a time. 

(A) Quantity vs. quality. Many of 


the usages apparently deal with units 
of description, as illustrated by holism 
which equates molarity with large units. 
The construction, phenomenal and lev- 
els criteria emphasize the kind of unit. 
Action-units seem to require units of 
a certain kind and also large units. 
Distinctions between quantity and qual- 
ity are always dangerous, but there does 
seem to be a difference between empha- 
sizing the descriptive inclusiveness of a 
unit as contrasted with the ind of unit 
adequate to describe behavior. Which 
of the two emphases is intended by 
molar can be clear only if its meaning 
is specified. 

(B) Methodological vs. existential. 
The criteria of molarity often seem to 
imply that the subject matter of psy- 
chology is of a special kind, and there- 
fore requires a special manner of de- 
scription. Behavioral events are molar, 
so the description, too, must be molar. 
The criterion of action-units often sug- 
gests this but even more so does the 
criterion of Aolism. ‘Though the latter 
has in the main been unable to specify 
what units should be chosen, it rejects 
thoroughly descriptions of part proc- 
esses; this springs apparently from a 
conviction that the organism is a unitary 
whole, not merely that it can be de- 
scribed as a unitary whole. To the de- 
gree that these criteria are existential, 
they seem to clash with Tolman’s orig- 
inal stress on molarity as an instru- 
mental property. The other criteria 
have in the main retained the original 
instrumental aspect: It is molar to de- 
scribe phenomena in a certain way; it 
is not the content described which is 
molar or molecular. 

The writers feel that existential crite- 
ria propose a metaphysical criterion for 
an empirical procedure. By empirical 
we mean that events may be described 
in various ways, one of which is in 
terms of a distinction between molar 
and molecular. If desirable this dis- 
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tinction may even be given substantive 
status. Such a step, however, serves 
only to define the /ocus of investigation 
and cannot be considered as a statement 
about the events that are investigated. 
Description and ontology should not be 
confused. In the long run scientific 
systems appear to be judged by some 
characteristic such as fruitfulness, rather 
than by coherence with any given ontol- 
ogy. Perhaps science has tolerated on- 
tologic speculation because it seems to 
serve the purpose of breaking a mold 
of thought, a direction habit, so that 
while the heuristic and propaganda 
value of theories about the real nature 
of events is indeed valuable, it appears 
never to be relevant to any empirical 
system. Value and ontology act as 


catalysts, and are presumably social or 
cultural instruments that define direc- 
tions rather than specify relations. 

(C) Internal vs. external referents. 


The criteria of levels and urgency, in 
contrast to the other usages, refer to 
more than units. They characterize 
systems, inter-disciplinary relations and 
applications as molar or molecular in 
nature. It is not the variable that is 
molar, but either the hypotheses made, 
the type of explanation employed, or 
the use to which the variables can be 
put. 

The criterion of levels is unique in 
contrasting psychology with non-psy- 
chological neurology, physiology , etc. 
While the other usages localize the dis- 
tinction between molar and molecular 
within the realm of psychology, the 
substantive character of neurology and 
physiology is used to define their molec- 
ularity. It is of some significance that 
this distinction has almost always dealt 
with interdisciplinary relations in only 
one direction. That is, there has been 
little systematic analysis of relations 
between anthropology, sociology, eco- 
nomics, political science, history and 
psychology. Often it is implied that 


these other fields are not to be consid- 
ered within this framework of classify- 
ing behavioral phenomena. Such a po- 
sition, however, is difficult to maintain, 
for if the Jevel-type of distinction is a 
substantive one, then any independent 
research area (defined as a field where 
investigatory variables may be isolated) 
demands inclusion within this classifica- 
tion schema. On the other hand, if 
there exists a characteristic of greater 
or lesser molarity, the term molecular 
loses most of its meaning and the sub- 
stantive distinction loses its heuristic 
value. Tolman has recognized the prob- 
lem and offered his solution to it in an 
interesting review (16). 

2. Of what significance are these 
rather scholastic distinctions for the 
contemporary scene? Let us re-empha- 
size the fact that the molar-molecular 
distinction entered psychology at a time 
of crisis. Its usefulness in pointing a 
way out of the schisms that rent the 
psychology of the time was great. It 
provided a rationale, a justification for 
an approach that has borne much fruit 
and it legitimized new paths of investi- 
gation. 

With the achievement of this task, 
however, the role of the molar-molecu- 
lar distinction has shifted, perhaps to 
the point of losing its usefulness. To- 
day one seldom finds the question of 
legitimacy raised with respect to re- 
search of a non-physiological nature, 
the investigation of purposeful behav- 
ior, or the consideration of aspects 
of organismic functioning previously 
slighted. The frame of reference has 
changed. The specific contribution 
made by the distinction has been almost 
universally accepted so that the multi- 
plicity of meanings we now find may 
be an index of future unproductiveness. 
With this multiplicity there has arisen 
an affective attachment to the terms, 
qua terms, which serves to cloud the 
problem and dominate fresh approaches. 
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We suggest, therefore, that the terms 
be abandoned, for it does not seem pos- 
sible to purge them of their confusing 
connotations.°® 

Our analysis, therefore, complements 
those of theorists who have noted a 
process of convergence in the last 
twenty years of psychology, a trend 
toward dissolution of the schools of 
psychology (Brunswik, 4; Hilgard, 7). 
Interest in systems has changed to in- 
terest in functional relations and sys- 
tematization. In this shift the distinc- 
tion between molar and molecular 
played the vital role of releasing psy- 
chology from premature and confining 
systems. But in so doing it diminished 
its usefulness and achieved the status 
of ground rather than figure in current 


theory. 
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